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Commissioners:
The Great Lakes Science Advisory Board is pleased to submit its 1993 Report to the Commission
and the Water Quality Board, as provided for under the Terms of Reference for the joint institu-
tions by the Great Lakes Water Quality Agreement.
Over the 1991-1993 Biennial Cycle, the Board has directed its efforts to address the priorities of the
Commission as expressed in your memorandum of November 25, 1991, especially those priorities
related to human and ecosystem health and state—of—the-lakes reporting, for which the Board has
had lead responsibilities. Along with these lead responsibilities, individual Board members also
actively participated in and directly contributed to several other Commission priorities, most
notably the work of the Virtual Elimination Task Force. The results of these individual efforts are
reﬂected in other reports and comments submitted to the Commission under separate cover from
their respective groups.
Several topics covered in Chapters 3 and 4 of the Board’s report, by the Workgroups on Parties
Implementation, and Emerging Issues, respectively, address issues identified by the Board during
the biennial cycle and approved by the Commission as supplemental activities to the original
priorities. By allowing ﬂexibility within the priority planning process, the Commission provided
an opportunity for the Board to provide advice on several important issues whose salience was
most relevant to current progress under the Agreement.
In conclusion, we would like to share with you our confidence that the current Commission
approach to priorities, which integrates the efforts of Board and Council members while at the
same time retaining the ynique perspective that each advisory group provides under its collective
mandate, is proving to be productive and beneficial in addressing the challenges associated with
assessing progress under the Agreement.
On behalf of the members of the Board, we look forward to the energy and excitement of the 1993
Biennial Meeting in Windsor, Ontario, October 22 - 24, 1993, and the opportunity to share the
findings from our 1993 Report with the Commission and basin citizens.
W9
Ralph]. Daley, PhD.
Co—Chair, Canadian Section
Respectfully submitted,
Michael]. Donahue, PhD.
CoChair, United States Section
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SUMMARY OF RECOMMENDATIONS
CHAPTER 2: WORKGROUP ON PARTIES IMPLEMENTATION
It is recommended that:
0 the Commission urge the Parties to implement the 1980 Toxic Substances Committee recom-
mendations (IIC 1981) (2.1.2)
0 the Commission urge the Parties to confirm whether resources are being used effectively to
reduce loadings of toxic substances (2.1.2)
0 the Commission promote the establishment by the Parties of a compatible toxic substances
loadings database, possibly using Geographic Information System technology (2.1.2)
0 the Commission urge the Parties to establish a binational workgroup to develop a Great
Lakes toxics reduction strategy that would include timetables, specific load reduction targets
and phase-out plans (2.1.2)
0 the Commission recommend that the Parties submit a biennial assessment of their progress
toward achieving loading reduction targets for toxic chemicals (2.1.2)
0 the Commission urge the Parties to strengthen and formalize their binational approach in
water quality objective setting to ensure that the Great Lakes Water Quality Initiative and
related future US. and Canadian initiatives are pursued in a binational forum consistent
with Great Lakes Water Quality Agreement goals (2.2.3)
CHAPTER 3: WORKGROUP ON EMERGING ISSUES
It is recommended that:
0 the Commission, together with the Parties, undertake a comprehensive, binational, scientiﬁc
assessment of approaches to develop environmental management policy where socio-eco-
nomic and biophysical data are incomplete or contradictory. The options for implementing
the sunsetting of chlorine and chlorine-containing industrial feedstocks and the societal
implications of those options, should form a case study of such policy development (3.1)
0 the Commission urge the Parties to develop and implement a binational program to address
global climate change through the integrated study of the Great Lakes basin as a regional
pilot project (3.2.4)
0 the Commission urge the Parties to make a long-term commitment to climate change re-
search through identification of climate change in Annex 17 of the Great Lakes Water Qual-
ity Agreement, and to provide a report on progress at appropriate intervals of time, in a
holistic and systematic reporting fashion, as recommended in Chapter 6 of this report (3.2.4)
0 the Commission urge the Parties to utilize state-of-the-art predictive capabilities and apply
them widely to assure cost effective and timely improvements of water quality at Areas of
Concern, and in the Great Lakes generally (3.3.3)
0 the Commission support proposals for a basinwide workshop to exchange experiences between
local officials and scientists who are using models successfully in Remedial Action Plans and
others in the region who are considering proposals for local and lakewide remedial action (3.3) v i i
  
viii
CHAPTER 4: WORKGROUP ON ECOSYSTEM HEALTH
It is recommended that:
0 the Commission further promote the weight-of-evidence concept as a comprehensive explicit
tool in support of environmental decisionmaking (4.1)
0 the Commission promote the establishment of mechanisms by which "resource poor” orga-
nizations and the general public can obtain scientific information, referrals and assistance
(4.1.1)
0 the Commission promote studies examining the effects of the environment on ecosystem
health that take into account the empowerment, participation and involvement of the com-
munity in all aspects of the study, including design, conduct and interpretation (4.1.1)
0 the Commission encourage comparable state-of-the-art methodologies with appropriate Qual-
ity Assurance /Quality Controlin basin studies to certify the sensitivity, accuracy and repro-
ducibility of the methods in each laboratory (4.1.1)
0 the Commission take new initiatives to communicate its recommendations to a wider audi-
ence. This might involve presentations at major conferences and working more actively
with the network of individuals and organizations already aware of the policy recommenda-
tions (4.1.1)
0 the Commission promote the assessment of human health in Remedial Action Plans by
encouraging Remedial Action Plan groups to involve human health experts in their public
advisory committees (4.1.2)
0 the Commission, in conjunction with several Remedial Action Plan teams, develop guide-
lines for selection of human health indicators in Remedial Action Plans, taking into account
the feasibility of the indicator to be studied and its importance, sensitivity and specificity
(4.1.2)
0 the Commission encourage research and development of indicators, including ecosystem-
level indicators, which will demonstrate the links between ecosystem stress and human
health (4.1.3)
0 the Commission promote public education about the importance, meaning and implications
of the interrelationship of ecosystem and human health (4.1.3)
STATE-OF-THE-LAKES REPORTING:
SOCIAL AND ECONOMIC STRESSORS
CHAPTER 5:
It is recommended that:
0 the Commission evaluate the reporting responsibilities under the Agreement and develop a
systematic approach to data organization and the reporting strategies of the Parties in order
to assess progress under the Agreement (5.5)
0 the Commission continue to provide advice on an ecosystem approach that will encourage
the synthesis by the Parties of U.S./Canada data and information requirements under the
Agreement (5.5)
0 the Commission encourage the Parties to continue to support educational/ research pro-
grams directed towards Great Lakes communities on the implications of sustainability within
the limits of the “carrying capacity” of the basin ecosystem (5.5)
CHAPTER 6: THE GREAT LAKES WATERlQUALITY
AGREEMENT TO THE YEAR 2000
It is recommended that:
O the Commission, together with the Parties, undertake a binational review of the implications 3
of economic policy and trade commitments relative to the goals and purpose of the Great
Lakes Water Quality Agreement, to identify opportunities for implementing the Agreement
through improved environment and economy linkages (6.4)
l
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l
l
l
  
 
 1. INTRODUCTION
The 1991-93 Biennium has been a period of reassessment and reorientation for the Great Lakes
Science Advisory Board (Board or SAB). In a constructive effort to optimize its contribution to the
International Joint Commission (Commission or IJC) during the current decade, the Board re-
viewed its role and organization in relation to the responsibilities assigned to it under the Agree-
ment and by the Commission (Figure 1.1). The impetus for this review was two—fold — the
revised role recommended for the SAB by the "Task Force on Commission Roles and Responsibili-
ties under the Great Lakes Water Quality Agreement” in March 1991, and the decision by the
Commission to adopt an explicit priority planning process following public input at the 1991
Biennial Meeting. As part of its review, the Board articulated a set of operating principles, identi-
fied key functions, and reorganized its substructure to implement the revised mandate.
In overview, the SAB provides scientific advice to the Commission and to the Great Lakes
Water Quality Board on current and anticipated issues of significance within the Great Lakes Basin
Ecosystem. To contribute effectively in this broad advisory role, the Board concluded it should
strive in all of its activities to be:
0 supportive of the Commission in providing constructive comment on the Parties’ progress
towards commitments under the Great Lakes Water Quality Agreement (Agreement or
GLWQA)
0 broad in perspective, encompassing key issues and disciplines potentially impinging upon
the Great Lakes science/ policy domain
- integrative across scientific disciplines, including the natural, physical and social sciences, as
reflected in the membership of the Board
0 evaluative of data, programs and policies, based on peer-reviewed science and recommenda-
tions, both to the Commission and to the public
0 anticipatory and outspoken, not merely reactive, in identifying key issues for IIC attention
- catalytic in identifying and promoting important and feasible change
0 educative of the public on important science/policy issues relating to the Great Lakes Basin
Ecosystem
0 independent and neutral, in keeping with the mandate of the Commission
From the assessment of its mandate and responsibilities, the Board identified three principle
functions which it serves, although not exclusively, in support of the Commission’s activities:
0 assessment and advice on Great Lakes Basin Ecosystem health, including the scientific un-
derpinning of public policy
0 review and evaluation of science policy and programs related to the Parties’ implementation
of the Agreement
0 identification and evaluation of emerging issues and future priorities
To meet these responsibilities, the Board reorganized its substructure, creating three
operational workgroups on: Ecosystem Health; Parties Implementation; and Emerging Issues,
 FIGURE 1.1 International Joint Commission Priorities and Assignments, 1991-1993
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 respectively (Figure 1.2). Each workgroup consists of SAB members, augmented in some cases by
non-SAB experts in critical specialties. The effect of this reorganization is to implement the 1991
decision by the Commission that the Water Quality Board (WQB) should shift from program
evaluation to policy advice, while the SAB should play a somewhat more practically-oriented
role and assume certain responsibilities previously undertaken by the WQB, such as consideration
of the state of the lakes, and the review of certain programs” (Task Force on Commission Role and
Responsibilities 1991).
In developing the Board’s biennial program, each workgroup selected three or four key
activities for approval by the full Board and Commission, taking into account the Commission’s
priorities and advice as well as members’ views on topical and important issues. At the outset of
the Biennium, the Board was assigned lead responsibility for projects concerned with ecosystem
health (including human health) and state-of-the—lakes reporting (Figure 1.1).
The results of the Board’s deliberations, as described in the remainder of this report, are
diverse and vary in level of treatment, depending on the scope and complexity of the issues. There
is, however, a common thread running through many of the sections, namely an overarching
concern with the state of “information management” in the Great Lakes Basin Ecosystem.
Repeatedly in our examination of issues, questions have arisen about the quality of informa-
tion needed to support decisionmaking and to verify progress in meeting the goals of the Agree-
ment. Thus, for example, the Workgroup on Parties Implementation discusses deficiencies in
source data and the management of environmental information for evaluating progress on toxic
chemical reduction (Section 2.1). They also raise concerns about binational approaches to contami—
nant loadings and water quality objectives in relation to the US. Great Lakes Water Quality
Initiative (GL1; Section 2.2). The Workgroup on Ecosystem Health identifies a variety of data and
information challenges concerning the weight-of—evidence approach, risk assessment, data harmo-
nization, and the use of biomarkers in relation to the evaluation of ecosystem health (Chapter 2).
Similarly, deficiencies in knowledge and in the management of information pervade the
discussions of the Workgroup on Emerging Issues in Chapter 3. The organization of information
as a “user—friendly” decisionmaking tool is examined in relation to Remedial Action Plans; require-
ments for long-term binational research on climate change are assessed; and the need to resolve
conflicting scientific views on environmental impacts of chlorinated organics and to evaluate the
socio-economic implications of chlorine sunsetting are discussed.
In Chapter 5, the challenge of assessing the state of the lakes is examined from the perspec-
tive of state-of—environment reporting, noting information deficiencies and the need to develop
indicators of ecosystemintegrity that can be used to evaluate Agreement progress within a holistic
framework, based on the Great Lakes Basin Ecosystem.
Finally, the concluding chapter of the report addresses issues related to the binational com-
mitment of the United States and Canada under the Agreement and the broader implications of
sustainable development and environment/economy linkages, especially multi-lateral trade agree-
ments.
The Board is concerned that deficiencies in knowledge and information are critical issues
that will increasingly impinge on progress in achieving the goals of the Great Lakes Water Quality
Agreement. The Board is prepared to provide additional advice and assistance to the Commission
to ensure that the recommendations contained in this report can be acted upon, which will form a
basis for further progress under the Agreement.
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 2. WORKGROUP ON PARTIES IMPLEMENTATION
The Workgroup on Parties Implementation was formed as part of the reorganization of the Science
Advisory Board (Board or SAB) in late 1991. The following Terms of Reference were adopted by
the workgroup at its first meeting on May 14, 1992:
 
The workgroup will review and analyze the 1972 Great Lakes Water Quality Agreement,
revised in 1978 and amended by Protocol in 1987, relevant data and scientific reports in order to
evaluate and report on the extent and pace of implementation. The workgroup will identify
obsta
cles
to im
plem
enta
tion
in or
der t
o rec
omme
nd s
teps
to im
prov
e the
rate
of pr
ogres
s.
At that meeting, workgroup members identified two central issues of importance to the
Comm
issi
on:
conti
nuing
slow
rate
of pr
ogres
s by
the P
artie
s on
the c
ontro
l of t
oxic s
ubsta
nces
and
the d
egre
e to
whic
h the
US.
Envi
ronm
enta
l Pro
tecti
on Ag
ency
’s Gr
eat L
akes
Wate
r Qua
lity
Initia
-
tive
(GLI;
1993)
is or
can b
e con
siste
nt wi
th th
e Gre
at L
akes
Wate
r Qua
lity
Agre
emen
t (A
gree-
mentor GLWQA). These issues are treated separately in the following sections.
2.1 Evaluation of Progress on Toxics Reduction
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ot a
new
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. Fo
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past
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d Sta
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l for
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arges
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. Ho
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egy h
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t yet
emer
ged.
The
juris
dicti
ons w
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data,
but l
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infor
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forth
comin
g. If
reduc
tions
in lo
ading
s of
toxic
subst
ances
have
been
attai
ned,
there
is ve
ry li
ttle d
ata t
o doc
umen
t it,
excep
t
for the Niagara River. Strategic planning, effective implementation and careful evaluation are
clearly required by the GLWQA to reduce or eliminate discharges of toxic substances. For the
purposes of this report, the term toxic substances is used to include toxic substances, persistent
toxic substances and hazardous polluting substances, as used in the GLWQA.
The chronology in Table 2.1 describes efforts by the Parties and the International Joint
Commission (Commission or IJC) to address toxics. The 1912-1964 chronology was excerpted
from “The Great Lakes, 1955-1985: An Overview,” a paper by Professor Leonard Dworsky of
Cornell University. The 1969-1989 data comes from an internal report by Walter A. Lyon, member
of the Science Advisory Board.
Binational efforts to date include problem statements, references to the IJC by the Parties,
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to limit loadings of toxics to the Great Lakes (see Figure 2.1), beginning in 1980.
There are three broad categories of environmental data that are needed to determine progress
in toxics loadings reductions:
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TABLE 2.1
Chronology: 1912-1989
1912:
The t
wo go
vern
ment
s ref
er the
matte
r of p
ollut
ion o
f the
Great
Lakes
to the
Inter
natio
nal J
oint
Commission (IJC).
1918:
The I
JC re
ports
to go
vern
ment
s tha
t
situa
tion
along
the f
ronti
er is
gener
ally
chaot
ic, e
very—
where perilous and in some cases, disgraceful.”
1920:
Cana
da pr
opose
s a p
ollut
ion c
ontro
l trea
ty to
the U
nited
States
; agr
eeme
nt wa
s not
reach
ed.
1946:
Anot
her r
efere
nce si
milar
to tha
t sent
in 19
12, bu
t per
taini
ng to
the St
. Clai
r Rive
r, La
ke St
. Clai
r
and the Detroit River, was sent to the IJC.
1946: Reference extended to include St. Marys River.
1948: Reference extended to include Niagara River.
1954
:
In r
epor
t on
Refe
renc
e, I
IC f
ound
inju
ry b
eing
caus
ed t
o hea
lth
and
prop
erty
from
muni
cipa
l
and
indu
stri
al w
aste
s an
d sh
ippi
ng s
ourc
es;
rec
omm
end
ed
that
gove
rnme
nts
adop
t sp
ecifi
c
wate
r qu
alit
y obj
ecti
ves a
nd e
xten
d au
thor
ity
of IJ
C to
main
tain
surv
eill
ance
of wa
ter
qual
ity
to
ensu
re a
chie
veme
nt o
f qua
lity
objec
tives
. Go
vern
ment
s ap
prov
ed b
oth
reco
mmen
dati
ons
and
furt
her
auth
oriz
ed e
stab
lish
ment
of a
dvis
ory
boar
ds o
n ea
ch o
f th
e co
nnec
ting
chan
nels
to
report semi-annually to the IJC.
1964:
A ne
w ref
erenc
e res
ultin
g fro
m det
erior
ating
condi
tions
in La
kes E
rie a
nd On
tario
was
given
to
IIC by the two governments.
1969:
Lowe
r La
kes
Boar
d re
comm
ends
fate
studi
es an
d lak
e che
mical
budge
ts o
f pes
ticid
es an
d
toxics.
1970:
IIC e
xpres
ses c
oncer
ns ab
out t
oxics,
espec
ially
conce
rning
comp
lace
ncy a
bout
the s
ubjec
t and
recommends identification and quantification.
1972: The Great Lakes Water Quality Agreement: toxics identified as a major concern.
1977:
IJC S
pecia
l Rep
ort t
o gov
ernm
ents
on he
avy m
etals
and p
ersis
tent
toxic
subst
ances
. To
o litt
le is
known and it’s a matter of the highest priority.
1977: Research Advisory Board (previous to the Science Advisory Board), annual report on the need
for toxic substance mass balance for each lake.
1978: The Great Lakes Water Quality Agreement. More emphasis needed on toxics, hazardous pol-
luting substances and persistent toxic substances.
1978: Appendix E lists 405 chemicals.
1981: Toxic Substances Committee recommends loading reductions and goal to be achieved by the
year 2000.
1982: Surveillance and Monitoring Roundtable: assessment of chronic human health/ reproductive
impacts of toxic chemicals needed.
1983: Inventory of 1,000 chemicals; 360 applicable to the Great Lakes.
1984: Toxics Substances Committee dissolved. Recommendations not implemented.
1986: IJC advises Parties to implement better methods of assessing point sources.
1987: The Protocol to the Great Lakes Water Quality Agreement requires more emphasis on toxics
from nonpoint, sediment, groundwater and airborne sources.
1989: IJC notes the need for data on 11 priority substances and emphasizes the need for coordinated
strategy and immediate action.
 
 Ambient data, which indicate conditions in sediments and waters of the lakes, can also be
used to determine whether or not water quality objectives are being met.
Effects data indicate the impact of toxic substances on the human body and on other organ-
isms in the ecosystem. They include data that quantify adverse impacts on fish-eating birds,
aquatic organisms and human subpopulations at particular risk.
While some toxic loading reductions have been attained, there are little source data to mea-
sure program effectiveness. During 1992, the Commission’s Regional Office assisted the SAB in its
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(Lines are drawn without arrows to indicate feedback or interaction in both directions between various components)
A framework for control of toxic substances in the Great Lakes basin
(adapted from the First Report of the Toxic Substances Committee 1980)
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 attempt to obtain information on source reductions by requesting data from senior personnel in
federal, state and provincial agencies on loadings, compliance levels and resources available to
reduce toxic loadings to the Great Lakes. As indicated in Table 2.2 on the following page, only five
of eleven jurisdictions provided data. The inadequate response either reflects a lack of data or the
inability of the jurisdictions to provide it in a timely manner and in a usable format.
Identification and quantification of toxic substances loadings and trends are particularly
important activities in the implementation of Great Lakes toxic initiatives. The US, EPA’s Great
Lakes National Program Office undertook a major Great Lakes Basin Risk Characterization Study
(US. EPA 1992, unpublished) to comprehensively assess and rank the relative environmental risks
from chemical contamination in the US. portion of the Great Lakes. Lack of data, particularly
toxic substance data, was cited as a severe limiting factor in the study.
A draft of the Lake Michigan Lakewide Management Plan (US. EPA 1992) was made avail-
able by U.S. EPA for review and comment. The plan is described as a synopsis of the current
knowledge regarding specific pollutants, their effects on the waters of Lake Michigan and their
current release or loading rates into the system. The draft report states that the current data on
sources and loading rates into the Lake Michigan system are extremely limited. This finding is
echoed in the assessment of toxic pollution in a report of the Citizens Fund and the Industrial
States Policy Center (1992).
The lack of adequate data impinges on the ability to make decisions on load reductions and
to measure the beneficial results of these reductions. The Upper Great Lakes Connecting Channels
report (UGLCCS 1988) indicates that there are insufficient data to compute, with any degree of
certainty, the loadings of toxic substances from air, surface water, groundwater and sediments.
The phosphorus experience can be a guide for the level of data that is required for effective
action. Scientific diagnosis of the cultural eutrophication problem of Lakes Erie and Ontario led
the IJC and the Parties to successfully implement a strategy which included a timetable, funding
for programs, and projects designed to reduce loadings of phosphorus to meet specific targets.
The target loadings were generally attained on schedule.
This extraordinary success has not been extended to the toxics issue. Today, the data necessary to
fully evaluate the work of the Parties over a period of more than 75 years do not exist or are not available.
The success or failure of efforts to control toxics is uncertain because source data to measure the toxic
loadings to the lakes are unavailable and the level of compliance with permits is generally unknown.
It is clear that program planning on toxic substances needs more attention. Several jurisdic—
tions that responded to the workgroup’s inquiry indicated problems due to inadequate staff and
budget that limit data collection and analysis activities. Yet the workgroup considers this to be a
fundamental underpinning of efforts to shape a more successful strategy for reducing toxics loadings.
The question of adequacy of programs is important and needs to be addressed as part of the
IJC’s responsibility under the Agreement. Articles VI, 1c and Article VII, 1c of the Great Lakes
Water Quality Agreement calls on the Commission to work with the Parties in shaping programs
and pollution abatement requirements to develop a strategy that moves toxics reduction efforts
toward attainable goals.
In Canada, jurisdiction over the control of pollution by toxic substances is a shared responsi-
bility, therefore, the implementation of programs to control toxic substances under the Agreement
can only be effective through federal-provincial cooperation. One of the primary mechanisms for
this cooperative effort is the Canada-Ontario Agreement (COA). This agreement ended in 1991
but was extended to March 31, 1993. It has now expired. The future of successful program
implementation will depend, to a significant extent, on the successful renegotiation of a new COA.
 TABLE 2.2 Data response to Workgroup on Parties Implementation requests
Information Request Env. U.S.
Can. EPA ON IL IN MI
    
Persistent and other toxic loads
to waters from all sources
  
Biochemical oxygen demand loads
to waters from all sources
 
Efﬂuent permit compliance trends,
especially for municipal discharges
for last decade
Deferred infrastructure
maintenance costs
Radionuclide discharges from
municipal and industrial sources
         
Shaded areas indicate jurisdiction response
 
The Niagara River is a major toxic pollution “hot spot” of the Great Lakes system. Work to
reduce toxic loadings to the Niagara River began in the 19605 and was intensified during the 19805
and ’905. According to New York State estimates, there has been an 80 percent reduction in
priority pollutants discharged from all New York point sources. Nevertheless, point sources alone
discharge 248 kg (546 lb) a day of US. EPA priority pollutants to the Niagara River. This does not
include toxic substances discharged from nonpoint sources, notably from at least 38 hazardous
waste disposal sites known to contribute contaminants to the river via groundwater flow. It is
estimated that 341 kg (750 lb) of contaminants enter the river by groundwater discharge every day.
Mirex levels escalated significantly in downstream Lake Ontario sediment and fish over the last
decade as a result of inputs from Niagara and Erie County landfill sites (Whittle and Keir, 1991).
The loadings of 26 of 74 substances have increased at Niagara-on—the-Lake, including eight chloro-
benzene compounds, six pesticides, seven polynuclear aromatic hydrocarbon (PAH) compounds,
three phthalate compounds and two chlorophenolic compounds, most of which are persistent
toxic substances (NYS DEC 1992).
Thus, even after more than two decades of effort, many water quality guidelines adopted
under the Great Lakes Water Quality Agreement are still frequently exceeded in the Niagara
River. The effects of these continued toxics loadings are that indigenous organisms such as lake
trout and bald eagle are unable to reestablish self-sustaining populations, and beluga whales in the
Gulf of St. Lawrence continue to experience increased mortality and reproductive impairment (IJC
1992c; US. EPA 1993a; Martineau et al. 1988).
2.1.1 Findings
Initiatives are not enough. After seven decades of initiatives to clean up toxic pollution in the Great
Lakes, there are insufﬁcient data to measure past success and establish the benchmarks needed to
direct future efforts. Data that is available does not substantiate success of initiatives.
It is clear that the Parties need to shift emphasis from “initiatives” to strategies supported by
timetables, schedules and project funding designed to meet attainable goals. The pace of this
effort must be assessed by source data designed to measure and report on progress. The IIC and
the Parties have beensuccessful in this regard with phosphorus. It is even more important,
however, to use strategic approaches to achieve progress in the reduction of toxic discharges.
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2.1.2 Recommendations
It is recommended that:
0 the Commission urge the Parties to implement the 1980 Toxic Substances Committee
recommendations (IJC 1981)
0 the Commission urge the Parties to confirm whether resources are being used effectively
to reduce loadings of toxic substances
0 the Commission promote the establishment by the Parties of a compatible toxic substances
loadings database, possibly using Geographic Information System technology
0 the Commission urge the Parties to establish a binational workgroup to develop a Great
Lakes toxics reduction strategy that would include timetables, specific load reduction tar-
gets and phase-out plans
0 the Commission recommend that the Parties submit a biennial assessment of their progress
toward achieving loading reduction targets for toxic chemicals.
2.2 Binational Consistency of the Great Lakes
Water Quality Initiative and the Great Lakes
Water Quality Agreement
In the Great Lakes Critical Programs Act of 1990, Congress directed the US. Environmental
Protection Agency (US. EPA) to propose and publish water quality guidance for the Great Lakes.
Titled the Great Lakes Water Quality Initiative (GLI), the proposed guidance establishes mini-
mum water quality criteria, anti-degradation policies and implementation procedures for waters
within the jurisdiction of the eight Great Lakes states as well as Indian tribes. The procedures are
to be used to establish consistent water quality goals and in so doing, better control discharges
from industries and municipalities within these waters.
The GLI seeks to address two recognized weaknesses of existing U.S. programs through the
development of a regional program. First, existing programs do not adequately take into account
the adverse effects of persistent toxic chemicals. Second, the GLI addresses the consistency prob—
lem around Great Lakes jurisdictions with respect to the development and implementation of
water quality programs. Six related procedures are associated with the GLI:
deriving criteria to protect aquatic life
deriving criteria to protect human health
deriving criteria to protect wildlife
using bioaccumulation factors in calculating criteria
protecting current water quality (antidegradation)
expressing standards as regulatory commitments to facilitate implementation
The genesis of the GLI occurred in the late 19805, when Great Lakes states requested US.
EPA to ensure consistency in procedures for permitting discharges under their National Pollutant
Discharge Elimination System (NPDES) programs. Over the last several years a steering commit-
tee, a technical workgroup and a public participation group have provided the structure for GLI
development, collectively involving US. federal and state agencies, tribal authorities, municipalities,
environmental groups and academia, and an observer role for Canadian government representatives.
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2.2.3 Recommendation
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3. WORKGROUP ON EMERGING ISSUES
The task is not so much to see what no one has yet seen, but to think
what no one has yet thought about what everybody sees.
Arthur Schopenhauer
An important attribute of the Science Advisory Board, in discharging its responsibilities under the
Agreement, is to be proactive and farsighted in identifying emerging issues. These issues may be
completely new, but often they provide new insights and solutions to current problems.
The Terms of Reference adopted by the workgroup and approved by the Science Advisory
Board are as follows:
  
Definition of Emerging Issues
0 Changes in environmental and social dynamics that may, over the near or long term, im—
pinge upon the Great Lakes Basin Ecosystem and inﬂuence the responsibilities of the Inter-
national ]oint Commission (IJC) under the Great Lakes Water Quality Agreement
Mandate and Responsibilities
0 To identify, evaluate and provide scientifically-based recommendations on emerging issues
for IIC consideration
0 To conduct an assessment process in an open and consultative manner
 
During an initial meeting of the workgroup, a preliminary list of 38 candidates for emerging
issues was generated. From these, ten were ranked for more detailed consideration. These were
then discussed at length and a subset of three was chosen for assessment. An emerging issue was
considered by the workgroup during the single biennium, and recommendations generated to
indicate how each issue might be carried forward into the next biennium.
Emerging issues of highest priority, as identified by workgroup consensus, were: Toward a
Chlorine Sunset; Climate Change and the Great Lakes; and Use of Predictive Tools in Remedial
Action Plan Decisionmaking. The workgroup’s findings and recommendations on these emerging
issues are presented in this chapter.
3.1 Toward a Chlorine Sunset
The Virtual elimination of persistent toxic substances is a long-standing concern for the Intema-
tional Joint Commission (Commission or IJC) and its Boards. This is based on the fact that,
despite progress to date, persistent toxic and bioaccumulating substances continue to be released
into the Great Lakes Basin Ecosystem cause effects in fish, wildlife and humans. One group of
contaminants, halogenated organic substances, has been a particular focus of concern. Specific
members of this complex group, particularly polychlorinated aromatics such as like PCBs, DDT
15
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and dioxins, have beenshown to be toxic, persistent, widely distributed and capable of
bioaccumulation in food chains.
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based on their advancement of four assumptions:
0 Many synthetic chlorinated organic substances are persistent and are thus eligible for the
policy of virtual elimination under the Great Lakes Water Quality Agreement
0 There is a body of evidence to suggest many of these substances are toxic and harmful to health
0 The mix and exact nature of the various substances cannot be precisely predicted or con-
trolled in production processes
0 In many cases, alternatives exist
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that should be addressed to implement the Commission recommendation. For example:
0 What is the scientific rationale, and what alternatives exist, for regulatory assessment of all
chlorinated organic substances as a class? Are subclasses more harmful or uses and expo-
sures more trivial that, if identified, could provide a basis for the establishment of priorities
for sunsetting?
0 What are the science and engineering opportunities or challenges for chlorine technology to
be precisely managed through a life-cycle approach as a control alternative to a sunset?
 The Pulp and Paper Industry as a Case Study
Of the many sources of chlorinated organic contaminants, the pulp and paper industry
has been of particular public concern. Historically, pulp mills have beenone of the
principal anthropogenic sources of chlorinated material (usually measured in bulk as
AOX, adsorbable organic halogen). In the late 19805, bleached kraft mill efﬂuent was
shown to contain low levels of chlorinated dioxins and furans, both persistent toxic sub-
stances. During that period Swedish scientists also detected sublethal effects in fish in
pulp mill receiving waters, and they associated these effects with AOX.
In Canada, considerable federal research has been undertaken to support the regu-
lation of pulp mill efﬂuent under the Canadian Environmental Protection Act (CEPA).
At issue was whether AOX could be used as a regulatory parameter. As a mixture of
diverse compounds, AOX does not directly measure toxicity, persistence or bioaccumulation
and therefore, it was decided that the regulatory initiative under CEPA would not set
limits for chlorinated organic substances, other than for dioxins and furans. Nonetheless,
the Province of Ontario decided to implement a reduction in pulp mill discharge of
chlorinated organic substances, based on the measurement of AOX, with a requirement
that all releases be planned for phase-out by 2002.
From the research, it is evident that only a small and declining fraction of the
chlorinated organics in efﬂuent from modern bleached kraft mills is persistent and of
potential significance in terms of biological effects. Furthermore, physiological and repro-
ductive effects are seen in fish exposed to efﬂuent from all mill types, even from mills
using chlorine-free bleaching processes. The results of this research indicate that some
effects, including those relating to EROD response, may be transient and reversible.‘
For some, these results raise serious questions as to the extent or even existence of a
cause—effect relationship between chlorinated organics from pulp mills and impairments
to fisheries. For others, the previous research linking effects with chlorinated organic
substances continues to be relevant while the new findings are pertinent to, non-chlori-
nated efﬂuent from pulp and paper mills, and indicative that all discharges from pulp
mills can produce harm to ecosystems.
‘ EROD (ethoxyresorufin O-deethylase) is an enzyme from a larger group of enzymes referred to as mixed
function oxidases (MFO), which is induced as a response to exposure to certain foreign substances.
  
0 In terms of alternative scenarios and assumptions concerning technological breakthroughs
and barriers, what are the social and economic implications of implementing the Commis-
sion recommendation on the sunsetting of the use of chlorine as an industrial feedstock in
the immediate term, 5-10 years; near term, 10—20 years; and long term, 20-50 years?
What would be the legal and constitutional basis for sunsetting the use of chlorine as an
industrial feedstock?
If implemented, how would government know that the sunsetting of chlorine use as indus-
trial feedstock had been successful and effective in restoring the chemical, physical and
biological integrity of the waters of the Great Lakes Basin Ecosystem?
Recommendation #7 from the Sixth Biennial Report states: “the Parties, in consultation with
industry and other affected interests, develop timetables to sunset the use of chlorine and chlorine-
containing compounds as industrial feedstocks and that the means of reducing or eliminating
other uses be examined.” To achieve progress in this area, the SAB recommends that:
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0 the Commission, together with the Parties, undertake a comprehensive, binational, scien-
tific assessment of approaches to develop environmental management policy where socio-
economic and biophysical data are incomplete or contradictory. The options for implement-
ing the sunsetting of chlorine and chlorine-containing industrial feedstocks and the societal
implications of those options, should form a case study of such policy development
3.2 Climate Change and the Great Lakes
Predicting effects of changes in climatic factors and then proactively adapting to or planning for
such changes are important issues for the International Joint Commission (Commission or IIC) to
address under the Great Lakes Water Quality Agreement (Agreement or GLWQA). Long-term
climate change and short-term, year-to-year variation are primarily caused by changing tempera-
tures, precipitation, ice cover, cloudiness, solar radiation and winds. In turn, these climatic causes
inﬂuence short-term (year-to-year) variability and long—term (decade or longer) changes in lake
levels and hydrologic ﬂow; drought and potential extraction for irrigation; runoff and nutrient
inputs; biological productivity and deep water anoxia; fish reproduction, growth, and harvests;
water temperature and potential inversions; storm events, lake mixing, and wave generation.
Each of these has relevance to the Agreement. Variability and the uncertainty that variability
provides are perhaps the most difficult environmental properties for managers, planners and
policy-makers to deal with effectively.
As the Commission considers policies for restoring and maintaining the integrity of the
waters of the Great Lakes Basin Ecosystem, increases in greenhouse gases may produce global
warming. The scenarios to predict the extent of warming contain several assumptions and thus
uncertainties. The measured increase in atmospheric CO2 and the consistencies among the predic-
tions from several global atmospheric circulation models (Smith and Tirpak, 1989; Houghton et al.
1990) give credibility to the phenomenon of global warming and its potential to cause environmen—
tal change in the decades ahead. The predictions are far from certain, and some critics challenge
the credibility of global warming and its potential negative consequences (Michaels 1992). Given
the uncertainties, unexpected events may still occur despite the predictions.
The SAB has concluded that the issue of long-term climate change is a real issue in an uncertain
world and is relevant to implementation of the GLWQA. It should be addressed by the IIC. The
following recommendations are intended to be constructive notwithstanding of the climate change or
variation that future generations will experience. The recommendations also represent a “no regrets”
policy, in terms of usefuhiess in their short-term utility and long-term adaptability.
3.2.1 Development of the Climate Change Issue in the Great Lakes
The Science Advisory Board has recommended the consideration of climate change issues in each
of its last three biennial reports to the Commission. To date, the uncertainties ofan unknown
future combined with pressing short—term issues have limited positive action regarding climate
change recommendations. Climate change was not widely perceived as an issue when the revised
Great Lakes Water Quality Agreement was drafted and signed in 1978 and the Great Lakes scien-
tific community’s awareness developed perhaps as late as 1985 when R.E. Munn convened a
workshop on the effects of climate on fishes (Timmerman and Grima, 1986).
The US. Environmental Protection Agency’s Office of Policy, Flaming and Evaluation chose
the Laurentian Great Lakes as one of four regions of the United States for an initial consideration
of the uncertainties and potential impacts of climate change (Smith and Tirpak, 1989; Smith 1991).
Other significant papers and workshops were also developed around the issue (Meisner et a1.
 1987; Regier et al. 1990; US. National Climate Program Office et a1. 1989). In general circulation
models (Manabe and Wetherald, 1987; Hanson et al. 1988; Schlesinger and Zhao, 1988) available in
l
the mid-19805, ecosystems of the Great Lakes were strongly inﬂuenced by changes in climatic
s
factors simulated by a doubling of greenhouse gases. Many properties and processes of concern to
the IIC were sensitive to these simulated climate changes, including water levels (Croley 1990), ice
cover (Assel 1991), water temperature and dynamics (McCormick 1990), deep water anoxia
(Blumberg and Di Toro, 1990), fish distributions and production (Hill and Magnuson, 1990;
i
Magnuson et al. 1990; Shuter and Post, 1990), invasion of exotics (Mandrak 1989; Johnson and
!
Evans, 1990) and the spread of sea lamprey (Holmes 1990). While negative and positive apparent
effects were noted from a human perspective, potential negative effects were the most prevalent
‘
(Smith 1991; US. National Climate Program Office et al. 1989). These analyses were essentially
i
complete by 1988, at five years least ago.
i
Summary recommendations from the American Fisheries Society symposium in 1988, taken
from Regier et al. (1990), included the following:
We, the conveners of the 1988 symposium, feel strongly that it is now time for researchers,
educators, entrepreneurs, and managers to take the issue of climate change seriously.
Now is the time to get involved, seriously.
  
The major issues and plan of action from the 1988 Illinois State Water Survey symposium,
cosponsored by the Canadian Climate Centre and the National Climate Program Ofﬁce of the United _
States (quoted from US. National Climate Program Office et al. 1989) were identified as follows:
Major Issues:
1. Considerable uncertainty exists about the potential future physical and socio-economic impacts,
responses and adjustments to sizable climatic change
2. Better climate modelling information is needed
3. Existing planning bodies, and policy and regulatory entities are inadequate to address the problems
of basinwide climate change
4. Several conﬂicts could develop during rapid and sizable climatic change
Plan ofAction:
The broad and challenging extent of the above recommendations for studies, assessments, research and
changes in various public and private activities led attendees to recommend development of a plan of action
that recognized: (I) the needs of the Great Lakes basin communities, and (2) the evolving international
concerns over climatic change. The United States and Canada share joint management of the Great lakes.
Attendees agreed that although future climate is uncertain, now is the time to translate past experience into 31
future programs aimed at ensuring availability of the widest possible knowledge. To the end, the conferees
strongly recommended two actions: In
 
0 Develop a U.S.-Canada integrated study of the Great Lakes basin as a regional pilot project for an
international response to global climatic change
0 Establish a joint planning group to organize and develop the pilot project. The recommended activity should
be integrated with and built upon two major ongoing basin efforts, the Remedial Action Plan (RAP)
programfor the Areas of Concern (AOC) in water quality and the ongoing International Ioint Commission
(11C) Lake Levels Reference Study. Both of these programs contain activities and elements that should be
considered in the planning and development ofthe recommended global change pilot project 19
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r Su
rvey
, Ch
amp
aig
n, I
llino
is; J
ohn
J.
Mag
nus
on,
Univ
ersi
ty o
f Wi
scon
sin—
Madi
son,
Madi
son,
Wisc
onsi
n; L
inda
Mort
sch,
Atmo
sphe
ric
Envi
ronm
ent
Serv
ice,
Dow
nsv
iew
, On
tari
o; F
rank
H. Q
uinn
, Na
tion
al A
tmos
pher
ic a
nd E
nvir
on-
ment
al S
ervi
ce,
Ann
Arbo
r, M
ichi
gan;
and
Joel
B. Sm
ith,
R.C.
G. H
agle
r Ba
iley
, Ar
ling
ton,
Virg
inia
.
The
SAB
con
cur
s wi
th t
he c
onc
lusi
ons
pro
vid
ed b
y th
is e
xper
t gr
oup
.
The
reco
mmen
dati
ons
from
the
1988
Illin
ois S
ymp
osi
um
have
only
rece
ntly
beg
un t
o be
act
ed
on
by
the
two
gov
ern
men
ts
in a
ny
subs
tant
ive
man
ner
.
The
US.
EPA
effo
rt (
Smi
th
and
Tirp
ac,
1989
), w
hile
a mo
st u
sefu
l on
e-ti
me a
naly
sis,
did
not
fill t
he n
eed
for a
n in
tegr
ated
long
-
term
pro
gra
m th
at w
oul
d fo
llow
chan
ges
in t
he s
cien
ce a
nd s
tatu
s of
the
issue
s.
For
exam
ple,
pre
sen
t es
tima
tes
for
a do
ubl
ing
of C
O2
to o
ccu
r ar
e at
abo
ut
the
yea
r 21
00,
whe
rea
s in
the
EPA
study it was envisaged to be 2020.
The
re
are
com
pel
lin
g r
eas
ons
to s
tud
y t
he
Gre
at
Lak
es
reg
ion
clim
ate.
The
bas
in
is t
he
app
rop
ria
te
scal
e, t
he
scie
ntif
ic c
omm
uni
ty
is a
ctiv
e a
nd
inte
rdis
cipl
inar
y, t
he
dat
aba
se
is l
arge
,
the
reg
ion
is s
ensi
tive
to c
lima
te
fact
ors,
and
the
publ
ic
con
sti
tue
ncy
is s
uppo
rtiv
e.
In w
rit
ten
com
men
ts
to t
he w
ork
gro
up,
Stan
ley
Cha
ngn
on
rec
omm
end
ed
that
"the
Inte
rnat
iona
l Jo
int
Com
-
miss
ion
asse
ss t
he e
merg
ing
issu
e of
clim
ate
chan
ge o
n th
e Gr
eat
Lake
s ba
sin
and
esta
blis
h a
poli
cy o
f en
cour
agin
g bo
th n
atio
ns t
o pl
an,
orga
nize
and
cond
uct
a ma
jor
join
t re
sear
ch e
ffort
to
unde
rsta
nd t
he p
oten
tial
effec
ts o
f cl
imat
e ch
ange
in th
e ba
sin
and
to i
dent
ify
the
resp
onse
s th
at
may be needed to address the change.”
A re
cent
revi
ew ar
ticle
by C
arpe
nter
et a1.
(1992
) on
globa
l cha
nge
and
fresh
water
ecosy
s-
tems
argu
ed th
at “f
reshw
aters
have
been
negle
cted
in re
searc
h pla
nnin
g for
globa
l cha
nge”
even
tho
ugh
fres
hwat
ers
are
criti
cal f
or su
stai
nabi
lity
of ec
osys
tems
and
soci
ety,
and
are
tigh
tly
coup
led
to c
lima
te a
nd l
and
use.
” T
he G
reat
Lake
s pr
ovid
e a g
ood
exam
ple
of s
uch
negl
ect.
The
Cana
dian
pro
gra
m re
lati
ve t
o th
e Gr
eat
Lake
s is
smal
l, a
nd i
n th
e Un
ited
State
s, o
nly
a fe
w in
divi
dual
rese
arch
proj
ects
on c
lima
te c
hang
e we
re f
unde
d by
Nati
onal
Ocea
nic
and
Atmo
sphe
ric
Adm
ini
s-
trat
ion
(NO
AA)
in 1
991.
One
proj
ect
conc
erns
inva
sion
s of
exot
ics
into
Gre
en B
ay,
fund
ed b
y
Wisc
onsi
n Se
a Gr
ant,
and
anot
her
retr
ospe
ctiv
ely
anal
yzes
wate
r te
mper
atur
e, i
ce c
over
and
fish
cat
che
s in
the
Gre
at L
ake
s, f
und
ed b
y N
OAA
’s
Glo
bal
Cha
nge
Pro
gra
m.
Ecol
ogic
al m
ode
ls o
f ec
osys
tem
resp
onse
to c
lima
te a
re m
ore
com
ple
x an
d di
fficu
lt t
han
phys
ical
mode
ls.
The
y ne
ed t
o be
deve
lope
d wi
th c
lima
te m
odel
s wh
ich
have
not
yet
inte
grat
ed
land
with
atmo
sphe
ric
aspe
cts,
mak
ing
impa
ct a
naly
ses
rela
ted
to t
he h
ydro
logi
c cy
cle
unce
rtai
n.
Clim
ate
mod
els
are
also
not
yet
link
ed t
o mo
dels
on l
ake
phys
ics,
chem
istr
y or
ecol
ogy.
The
IJC
Refe
renc
e on
ﬂuct
uati
ng G
reat
Lake
s wa
ter
leve
ls h
as b
een
mos
t co
ncer
ned
with
high
wate
r, b
ut
mor
e pr
oble
ms c
ould
occu
r wi
th l
ow w
ater
in t
erms
of p
ollu
tion
and
econ
omic
impa
cts.
Anal
yses
sugg
est
that
lake
leve
ls m
ay b
eco
me l
ower
rath
er t
han
high
er i
n a w
arm
ing
clim
ate
(Cro
ley
1990
).
Scie
ntiﬁ
c ad
vanc
es i
n th
ese
area
s wi
ll he
lp G
reat
Lake
s re
sear
cher
s, m
ana
ger
s an
d pl
anne
rs b
ette
r
unde
rsta
nd t
he i
mpor
tant
effec
ts o
f sh
ort-
term
dyna
mics
on t
he G
reat
Lake
s Ba
sin
Ecos
yste
m.
Unce
rtai
nty
in t
he s
cien
ce o
f cl
imat
e ch
ange
is cl
earl
y an
issu
e th
at d
ecis
ionm
aker
s wi
ll h
ave
to
add
res
s in
the
nea
r a
nd
lon
g-t
erm
futu
re (
Join
t Cl
ima
te P
roje
ct 1
992)
.
Whil
e wa
rmi
ng f
rom
a do
ubli
ng o
f gr
eenh
ouse
gase
s ha
s be
en p
redi
cted
to b
e in
the
rang
e
of 3
-6°C
(37-
43°F
), su
ch a
chan
ge c
anno
t ye
t be
judg
ed a
s pos
itiv
e or
nega
tive
in e
cono
mic
term
s or
with
resp
ect
to i
ssue
s un
der
the
Agre
emen
t.
For
exam
ple,
war
min
g br
ings
the
adva
ntag
e of
lon
ger
shi
ppi
ng
sea
son
s a
s we
ll
as t
he
dis
adv
ant
age
s o
f i
ncr
eas
ed
dre
dgi
ng
of
con
tam
ina
ted
 
sediments in Areas of Concern. Warming increases habitat for Great Lakes fish, which could
increase fish yields, but also increases the potential for invasions of exotic species, which have a
history of altering Great Lakes ecosystems, often irreversibly.
Several policy options were considered by the workgroup. The importance of policy criteria
for assessments was emphasized, which would facilitate adaptation to climate change within the
context of economical factors such as discount rates and opportunity costs. Flexibility and an
understanding of both the benefit and costs of decisions in the long term also were viewedas
important. Highest priorities might be assigned to actions associated with irreversible or cata-
strophic impacts and to decisions made now for infrastructure and other projects with a long-term
planned obsolescence. The role of government should be to facilitate adaptability in goals or
targets that consider climate change as a long-term issue.
3.2.3 Events After the 1988 Symposia
A Canada—US. bilateral commitment (memorandum of understanding) was made between the
National Oceanic and Atmospheric Administration in the US. and the Atmospheric Environment
Service in Canada in 1990. This memorandum ensures mutual assistance in planning climate-
related programs and their operations to the extent practicable and mutually desirable, and com—
munication and sharing of climate—related information. Annual planning and review pro-
cesses are prescribed.
In February 1992, participants in a symposium at the Annual Meeting of the Association for
the Advancement of Science in Chicago restated the significance of climate change in the Great
Lakes basin (Climate Change on the Great Lakes Basin 1992). Primary areas of discussion in-
cluded water levels, policy, needed research, socio-economic and other impacts, and social and
institutional responses.
Canada established a Great Lakes climate-change program entitled “Reducing The Threat of
Global Warming” under the Green Plan initiative in 1992. The program’s goal "to take interdisci-
plinary, integrated studies on the physical, biological, social and economic impacts of, and policy
responses to, climate change in the Great Lakes-St. Lawrence basin, in order to improve our
understanding of the complex interactions between climate and society, so that informed regional
adaptation responses can be developed for the basin.” While no parallel program exists in the
US, the Canadian project has the objective to develop "partnerships which involve Canadian and
American interests, government agencies, academia, interests groups, and industry,” further stat-
ing “that a collaborative research agenda with the US. is critical for a binational effort.”
As part of this Canadian program, a workshop entitled "Adapting to the Impacts of Climate
Change and Variability” was convened in Quebec City in February 1992. Agreement was reached
among NOAA and other state/ federal representatives in attendance that a parallel effort should
be developed.
A NOAA initiative has been underway since January 1993 to develop a US. component to a
binational program on climate change in the Great Lakes. An integrative program with research,
monitoring, assessment and policy components is proposed, with emphasis on the effects of cli-
mate change on physical, ecological, economic and social systems. Anticipated outputs include
practical policy alternatives related to potential for adaptation and mitigation. To date, only
modest funds have been allocated to this effort. A planning workshop is scheduled for October
1993.
On the occasion of the 89th meeting of the Science Advisory Board, climate change was
unanimously adopted as a future priority candidate, for consideration by the Commission in the
development of their 1993—1995 workplans.
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3.2.4 Recommendations
Gr
ea
t
La
ke
s
ec
os
ys
te
ms
are
con
sid
ere
d b
y
the
SA
B
to
be
sen
sit
ive
to
cli
mat
e w
ar
mi
ng
.
Th
es
e
sen
sit
ivi
tie
s i
nﬂ
ue
nc
e
a n
um
be
r
of
pro
per
tie
s a
nd
pro
ces
ses
tha
t r
ela
te
to
Co
mm
is
si
on
res
pon
si-
bili
ties
, i
ncl
udi
ng
tox
ic
che
mic
als
, n
utr
ien
ts,
oth
er
sub
sta
nce
s a
nd
mat
eri
als
, l
ake
lev
els
an
d h
eat
tha
t r
esu
lt
fr
om
hu
ma
n
act
ivi
ty
an
d i
nte
rfe
re
wi
th
ben
efi
cia
l u
ses
.
The Board recommends that:
0
the
Co
mm
is
si
on
ur
ge
the
Par
tie
s t
o d
ev
el
op
an
d i
mp
le
me
nt
a b
ina
tio
nal
pr
og
ra
m
to
ad-
dre
ss
glo
bal
cli
mat
e c
ha
ng
e
th
ro
ug
h t
he
int
egr
ate
d s
tu
dy
of
the
Gr
ea
t
La
ke
s b
as
in
as
a
regional pilot project
0
the
Co
mm
is
si
on
ur
ge
the
Par
tie
s t
o
ma
ke
a l
on
g-
te
rm
co
mm
it
me
nt
to
cli
mat
e
ch
an
ge
res
ear
ch
th
ro
ug
h
ide
nti
fic
ati
on
of
cli
mat
e c
ha
ng
e i
n A
nn
ex
17
of
the
Gr
ea
t L
ak
es
Wa
te
r
Qu
al
it
y A
gr
ee
me
nt
, a
nd
to
pr
ov
id
e a
rep
ort
on
pro
gre
ss
at
app
rop
ria
te
int
erv
als
of
tim
e,
in
a h
oli
sti
c a
nd
sys
tem
ati
c r
epo
rti
ng
fas
hio
n,
as
re
co
mm
en
de
d i
n C
ha
pt
er
6 o
f t
his
rep
ort
3.
3
Us
e
of
Pr
ed
ic
ti
ve
Mo
de
ls
in
Re
me
di
al
Ac
ti
on
Pl
an
Decisionmaking
Re
me
di
al
act
ion
s t
o r
est
ore
im
pa
ir
ed
use
s a
re
be
in
g p
la
nn
ed
or
are
un
de
rw
ay
at
the
43
Ar
ea
s o
f
Co
nc
er
n (
AO
Cs
)
in
the
Gre
at
Lak
es
bas
in
(Fi
gur
e 3
.1).
Imp
lic
it
in
the
pla
nni
ng
an
d b
udg
eti
ng
pro
ces
s i
s t
he
pre
dic
tio
n o
f b
ene
ﬁci
al
out
com
es
exp
ect
ed
to
fol
low
fro
m p
rop
ose
d a
cti
ons
.
Pub
lic
con
fid
enc
e i
n t
he
pre
dic
tio
n o
f b
ene
fit
s f
ro
m
cor
rec
tin
g w
at
er
qua
lit
y p
ro
bl
em
s
is
a
sig
nif
ica
nt
iss
ue
for
fut
ure
pol
icy
an
d f
un
di
ng
of
re
me
di
at
io
n p
ro
gr
am
s t
hr
ou
gh
ou
t
the
Gr
ea
t L
ak
es
bas
in.
Th
e
Sci
enc
e
Ad
vi
so
ry
Bo
ar
d
(S
AB
)
has
ex
am
in
ed
wh
et
he
r
the
se
exp
ect
ati
ons
are
so
un
d
an
d
whe
the
r t
he
ava
ila
ble
mod
els
dev
elo
ped
in
rec
ent
yea
rs
hav
e
bee
nus
ed
adv
ant
age
ous
ly
in
bui
ld-
ing local consensus and reaching decisions.
Sev
era
l r
ese
arc
h p
ro
gr
am
s h
av
e
be
end
es
ig
ne
d t
o i
mp
ro
ve
mo
de
ll
in
g a
pp
ro
ac
he
s f
or
app
li-
cat
ion
to
Gre
at
Lak
es
rem
edi
ati
on,
but
the
re
is n
ot
yet
con
sen
sus
for
the
ir
rou
tin
e u
se
in
ass
ess
ing
pol
lut
ion
aba
tem
ent
or
pre
ven
tat
ive
(as
opp
ose
d t
o r
eac
tiv
e)
ma
na
ge
me
nt
(II
C 1
986
; 1
990
; 1
991
a).
An
ear
lie
r s
ect
ion
on
the
Wo
rk
gr
ou
p o
n P
art
ies
Imp
lem
ent
ati
on
(se
e T
abl
e 3
.2)
sh
ow
s t
he
ext
ent
to
wh
ic
h a
nal
ysi
s o
f o
pti
ons
for
tox
ic
sub
sta
nce
con
tro
l a
nd
cos
t-b
ene
fit
ana
lys
is
has
bee
n s
oug
ht
for
the
pas
t d
eca
de.
For
the
Int
ern
ati
ona
l J
oin
t C
om
mi
ss
io
n (
IJC
),
the
pro
mot
ion
of
fur
the
r p
rog
res
s
in
rea
chi
ng
the
goa
ls
of
the
Gre
at
Lak
es
Wat
er
Qua
lit
y A
gr
ee
me
nt
ma
y
req
uir
e i
nde
pth
use
of
pre
dic
tiv
e ca
pab
ili
tie
s a
nd
qua
nti
tat
ive
mea
ns
to a
ssu
re c
onf
ide
nce
in t
he d
eci
sio
ns m
ade
. M
aki
ng
hun
dr
ed
s o
f r
egu
lat
ory
or
pre
ven
tiv
e m
an
ag
em
en
t d
eci
sio
ns
req
uir
es
mo
re
sop
his
tic
ate
d a
nd
more general uses of scientific understanding of the lakes.
To
exa
min
e t
his
iss
ue,
the
SA
B a
ske
d a
ser
ies
of
que
sti
ons
:
Are
adv
anc
ed
mod
els
act
ual
ly
nee
ded
for
the
dec
isi
ons
bei
ng
mad
e?
Doe
s t
he d
eci
sio
n pr
oce
ss
nee
d l
ess
dat
a-i
nte
nsi
ve
mod
els
?
Is t
her
e a
nee
d f
or m
ore
use
r-f
rie
ndl
y i
nte
rac
tio
ns a
t se
ver
al l
eve
ls o
f g
ove
rnm
ent
? D
o t
he m
ode
ls
curr
entl
y av
aila
ble
pro
vid
e a
n a
deq
uat
e ba
lan
ce b
etw
een
the
scie
ntif
ic a
sse
ssm
ent
of r
isk
and
the
soc
io-
eco
nom
ic
ass
ess
men
t o
f co
sts
? I
s th
ere
a n
eed
for
fee
dba
ck
fro
m t
he u
ser
com
mun
ity
, w
hic
h,
if r
esp
ond
ed
to b
y th
e mo
del
lin
g c
omm
uni
ty,
wou
ld
imp
rov
e co
nfi
den
ce
in t
he p
roc
ess
of r
eme
-
dia
l pl
ann
ing
? W
hil
e w
e c
ann
ot
yet
ans
wer
all
of t
hes
e qu
est
ion
s, t
hey
mus
t b
e c
ons
ide
red
as p
art
of
the
scie
ntif
ic
und
erp
inn
ing
s o
f t
he
Rem
edi
al
Act
ion
Pla
n (
RAP
) d
eci
sio
n p
roc
ess
.
In
ask
ing
the
se
que
sti
ons
, t
he
SA
B r
eco
gni
zes
tha
t m
ost
Sta
ge
1 r
epo
rts
at
the
Are
as
of
Con
cer
n (
AOC
s)
wer
e n
ot
int
end
ed
to
eva
lua
te
the
mag
nit
ude
of
the
pro
ble
m o
f r
eme
dia
tio
n q
uan
tit
ati
vel
y (
IJC
198
9;
IIC
199
1b)
and
, t
her
efo
re,
few
of
the
RAP
s t
o d
ate
hav
e s
oug
ht
to
app
ly
mod
ell
ing
.
The
 
 Lake
Supe
rior
Lake
Erie
22. Cli
nton Riv
er
23.
Rou
ge R
iver
24.
Rive
r Ra
isin
25.
Ma
um
ee
Riv
er
26. Bla
ck River
27.
Cuya
hoga
River
28.
Asht
abul
a Riv
er
29. Presqu
e Isle Bay
30. W
heatl
ey Ha
rbour
Pen
ins
ula
Har
bou
r
Iac
kfi
sh
Bay
Nip
igo
n B
ay
Thu
nde
r B
ay
St.
Lou
is
Bay
/Ri
ver
Tor
ch
Lak
e
Dee
r L
ake
-
Car
p C
ree
k /
Riv
er
t
—
i
o
i
m
'
d
i
m
i
x
d
t
x
’
Lak
e Mi
chi
gan
Lak
e O
nta
rio
8.
Man
ist
iqu
e Ri
ver
9.
Meno
mine
e Riv
er
10. F
ox Riv
er/ So
uther
n Gree
n Bay
11.
Sheb
oyan
River
12. M
ilwau
kee E
stuary
13.
Wauk
egan
Harb
or
14. G
rand
Calum
et Riv
er/
Indiana Har
bour Canal
15.
Kala
mazo
o Riv
er
16. Mu
skegon
Lake
17.
Whit
e La
ke
 
31. Buf
falo Riv
er
32. Eighte
en Mile Cre
ek
33. R
ochest
er Emb
aymen
t
34. Os
wego Ri
ver
35. Bay of Quinte
36.
Port
Hop
e
37. Metro Toronto
38. Hamilt
on Harbour
Connecting Channels
La
ke
Hu
ro
n
39. St. Marys River
18. S
agina
w Rive
r/Sag
inaw
Bay
40. S
t. Clai
r Rive
r
19.
Coll
ingw
ood H
arbo
ur
41.
Detro
it Ri
ver
20.
Seve
rn So
und
42.
Niag
ara R
iver
21.
Span
ish R
iver
Mout
h
43.
St. L
awre
nce R
iver
(Cornwa
ll /Mass
ena)
FIGU
RE 3.1
Forty—
three
Areas
of Con
cern i
dentif
ied in
the Gr
eat La
kes Ba
sin
N
D)
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Boar
d ha
s con
clude
d, h
owev
er,
that
local
use a
nd u
nder
stan
ding
of th
e var
ious
appr
oach
es f
or
choo
sing
amo
ng
reme
diat
ion
alte
rnat
ives
may
be a
n im
port
ant
limi
tati
on i
n th
e ne
xt p
hase
s of
reme
dial
acti
on p
lann
ing.
Unce
rtai
nty
as t
o ben
efit
s an
d co
sts
of r
emed
iati
on i
s wi
desp
read
and
new
mode
ls,
both
for t
he a
naly
sis
of de
cisi
ons
in th
e pr
esen
ce o
f un
cert
aint
y an
d fo
r th
e co
mmu
ni-
cation of the benefits of decisions, are coming into general use.
To p
lace
the
use
of pr
edic
tive
mode
ls i
n con
text
, th
e st
atus
of al
l 43
Stag
e 1 R
emed
ial
Acti
on
Plan
s wa
s re
view
ed.
Nin
e R
AP
repo
rts
cont
aine
d in
form
atio
n on
the
use
of m
odel
s (T
able
3.1).
Onl
y a
few
used
mode
ls
to i
nstil
l co
nfid
ence
in t
he n
umer
ical
basi
s of
goal
s in
reme
diat
ion
plan
ning
and
deci
sion
maki
ng.
Mos
t of
the
othe
r 34
Stag
e 1
RAP
s di
d no
t (a
nd w
ere
not
inte
nded
to)
disc
uss
the
use
of p
redi
ctiv
e mo
dels
in r
emed
ial
anal
ysis
, bu
t di
d ge
nera
lly
addr
ess
simi
lar
impa
ired
uses
to t
hose
of th
e ot
her n
ine
area
s. I
nfor
mati
on o
n ea
ch o
f th
e 43
RAP
s wa
s co
nsid
ered
inde
pend
entl
y, a
nd a
one-
page
tabu
lar
sum
mar
y w
as c
ompi
led
usin
g fo
ur d
escr
ipto
rs:
the
im-
pai
red
uses
; th
e so
urce
s of
poll
utio
n; t
he t
rans
port
sub
sys
tem
invo
lved
; a
nd
the
exte
nt o
f mo
del
-
ling
of r
emed
iati
on o
ptio
ns w
her
e th
is ap
plie
d. T
he 3
4 RA
Ps w
her
e no
mode
llin
g wa
s do
ne w
ere
reviewed for the first two descriptors only.
3.3.1 Results for Nine RAPs Containing Modelling
The
nine
sites
with
mode
llin
g ca
n be
sum
mar
ize
d in
four
sets:
one
very
larg
e ba
y; a
set o
f th
ree
conn
ecti
ng c
hann
els
(bin
atio
nal
sites
); t
wo h
arbo
ur s
ites
in C
anad
a; a
nd t
hree
rive
r an
d ha
rbou
r
sites in the US.
The Fox River/Green Bay
This
Wisc
onsi
n sit
e is t
he "m
odel
ling
exem
plar
" am
ong
all AO
Cs,
perh
aps b
ecau
se of
the s
eriou
s-
ness
of th
e imp
aire
d use
s and
the p
riori
ty at
tache
d by
the g
enera
l pub
lic i
n Wis
cons
in fo
r rec
overy
of im
pair
ed us
es.
Elev
en o
ut of
the
14 po
ssibl
e use
s are
impa
ired
(Tabl
e 3.1
), in
cludi
ng fi
sh
tumo
urs,
defor
mitie
s in b
irds,
beac
h clo
sings
, deg
rada
tion
of ae
sthet
ics a
nd re
stric
tions
on fi
sh an
d
wildl
ife c
onsu
mpti
on (W
isco
nsin
DNR
1991;
IIC 1
991b)
. Th
ese i
mpai
rmen
ts re
sult
from
expo
sure
s
to so
me 1
00 to
xic s
ubsta
nces,
inclu
ding
39 pr
iorit
y pol
lutan
ts (I
JC 19
87a)
disc
harg
ed o
ver m
any
years
from
14 pu
lp a
nd p
aper
mills
and
five
majo
r mun
icip
al wa
stew
ater
treat
ment
plant
s alo
ng
the F
ox R
iver.
Thes
e pol
lutan
ts ha
ve a
ccum
ulat
ed m
ainl
y in
the r
iver’
s bo
ttom
sedi
ment
s an
d
there
fore
can b
e res
uspe
nded
and
remob
ilize
d dur
ing h
igh-
ﬂow c
ondit
ions
in th
e riv
er an
d th
roug
h
bioturbation.
Over
the c
ourse
of se
veral
years
, an
d as
a res
ult o
f a s
ignif
icant
inve
stme
nt in
data
base
deve
lopm
ent,
a coo
rdina
ted s
et of
mode
ls wa
s cre
ated
speci
fical
ly to
anal
yze r
emed
iati
on op
tions
for the Fox River and Green Bay system (Beltran 1992). The program, known as the Green Bay
Mass Balance Modelling Project, includes a suite of models, including those used to estimate
pollutant loadings, transport, eutrophication, mobility of solids, fate of toxic substances, food
chain accumulation and uncertainty. Combined, these models have provided a valuable predic-
tive capability to estimate mobility and year-to—year spatial mass balance of PCBs in the river, bay
and fishery. The models also address management questions about the effectiveness of remedial
options for controlling loadings, resuspension rates and subsequent transport to Green Bay from
point and nonpoint sources, including the in-situ contaminated sediments in the Fox River.
Following development of the models, eight scenarios were selected for intensive evaluation
through simulation studies. Priority was placed on sediment resuspension during high—velocity
river ﬂow events, including consideration of the Fox River’s 100-year peak flow event, PCB source
reductions by sediment removal, and Fox River ﬂow "clipping" to reduce peak ﬂow rates through
construction of ﬂood storage (US. EPA/Wisconsin DNR, 1992). Five scenarios have improved
understanding of the potential for success through remedial measures on the Fox River as well as
the consequences of natural ﬂooding events on the proposed measures. Some criteria developed
 TABLE 3.1. Impaired uses and models developed for evaluating remediation options
 
SITE IMPAIRED USES MODEL DEVELOPMENT AND APPLICATION
FOX Rlver/ Restrictions on fish and wildlife Modelling Approach and Comprehensive Remediation Options Analyzed
Green Bay consumption Mass Balance of PCBs. The suite of Fox River/Green Bay models were
Degradation of fish and wildlife applied to predict long-term trends in PCB concentrations for six remediation
population scenarios. Utilizes several component models, including hydrodynamics,
Fish tumours and other deformities load transport, eutrophication, toxics fate, food chain and uncertainty.
Degradation of benthos (Beltran 1992; US EPA 8 Wisconsin DNR, 1992)
Restrictions on dredging activities Management Questions
Eutrophication or undesirable algae What are the loading rates of chemicals from point and nonpoint sources,
Beach closings including in place contaminated sediment?
Degradation of aesthetics Is the bay a source or sink of contamination to Lake Michigan?
Degradation of phytoplankton and What is the response in the bay water, sediment and biota to alternative
zooplankton populations loading reductions, including “no action.”
Loss of fish and wildlife habitats (Beltran 1992; US EPA 8 Wisconsin DNR, 1992)
Five Scenarios Selected for Simulation
Outcome of Fox River, hundred—year peak flow event
Outcome of selected remediation above and below DePere, Wisconsin
Outcome of PCB load reduction above, DePere, Wisconsin
Outcome of Fox River peak-ﬂow clipping
Fox River phosphorus load-step reductions
Remedial Action Goals being Considered
Year 15 Walleye PCB concentrations meet health standards
Year 25 PCB concentrations in walleye meet health standards
Hamil
ton
Restri
ctions
on fis
h and
wildlif
e
Model
ling A
pproa
ch and
Remed
iatio
n Opti
ons An
alyze
d
Harbou
r
consump
tion
~ Klap
wik an
d Snodg
rass (1
985) sug
gested
that Ha
milton
Harbour
’s ﬂush
—
Degradation of fish and wildlife ing rates to the lake could be estimated using a mass balance for conserva-
population tive dissolved substances as measured by conductivity. The purpose in-
Fish tumours and other deformi- volves predicting the fate of the lake water once it enters the harbour.
ties Under what conditions is lake water retained within the harbour for a time
Bird or animal deformities or long enough to have a beneficial effect on water quality?
reproductive problems (OMOE et al. 1988)
Degrédfmon Of benth.“ _ . . The Janus—Vollenweider model (1981) for annual average concentrations
Restr‘ch‘?” _°n dredgmg .actwmes was used to predict phosphorus loading to the harbour from a variety of
Eutrophlcatlon or undesnable sources such as wastewater treatment plants, combined sewer overflows
algae , (CSOs), creeks and storm sewer discharges. In order to reduce algal growth,
Bead] Cloémgs . it is necessary to reduce phosphorus inputs to the harbour. The model was
Degradatlfm 0f aesthems modified to take into consideration the effect that iron has upon the settling
Degradanon of Phytoplankton of phosphorus. Used to initiate loading reductions.
and zooplankton populations
Loss of fish and wildlife habitats Dick and Marsalek model (1973) used to examine the effects of landfilling
shallow littoral areas (inﬂows) on Hamilton Harbour retention and ﬂush-
ing times as well as oxygen depletion. No remedial actions taken.
Remedial Actions Taken
One regional municipality has constructed retention basins, and a dredging
project was initiated in 1988 to contain contaminated sediment. Industries
have modified discharges.
Port Hope Degradation of benthos
 
Restrictions on dredging activities
due to presence of low-level radio-
nuclides
 
Modelling Approach and Remediation Options Analyzed
- Hydraulic Mass Balance. Long-term averages (1984-87) for CAMECO cool-
ing water discharges have been estimated in two ﬂows used to determine
average loadings from CAMECO discharges. No remedial actions taken.
Sediment-benthological studies in 1984 were used to determine the stochastic
close an individual would receive upon consuming a brown bull head cat—
fish. In 1985, a study was done to investigate the uptake of contaminants by
resident and non-resident fish species in the turning basin. It has been deter-
mined that the radionuclide levels detected in the tissue of sport fish would
not produce a significant adverse impact on the fish or human use of the fish.
Remedial Actions Proposed
~ The sediments have been designated as historic low-level radioactive waste.
If the harbour is to remain operative as a small craft mooring facility, the con-
taminated sediments must be removed from the turning basin and west slip.
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TA
BL
E 3
.1.
(Co
nt’
d)
Imp
air
ed
use
s a
nd
mod
els
dev
elo
ped
for
eva
lua
tin
g r
eme
dia
tio
n o
pti
ons
 
SIT
E
IMP
AIR
ED
USE
S
MO
DE
L D
EV
EL
OP
ME
NT
AN
D A
PPL
ICA
TIO
N
Cuy
aho
ga
Rest
rict
ions
on
fish
and
wild
life
Mod
ell
ing
App
roa
ch
and
Rem
edi
ati
on
Opt
ion
s An
aly
zed
Rive
r
con
sump
tio
n
- H
ydr
ody
nam
ic
Mod
el D
evel
opm
ent
. E
ffor
ts a
re b
eing
dire
cted
towa
rds
Deg
rad
ati
on
of f
ish
and
wild
life
buil
ding
a mo
del
to f
ram
e an
d q
uant
ify
the
link
ages
bet
wee
n c
ontr
ibut
ing
pop
ula
tio
n
sour
ces
and
thei
r ef
fect
on b
enef
icia
l us
es.
Fish
tum
our
s an
d o
ther
defo
rmit
ies
The
goal
of t
he C
uya
hog
a m
ode
lli
ng i
s to
pro
duc
e a
WAS
P4
wat
er q
uali
ty
Deg
rad
ati
on o
f be
nth
os
mod
el
to a
sses
s t
he i
mpa
ct
of p
oint
and
non
poi
nt
sour
ce
disc
harg
ers
on
Rest
rict
ions
on d
red
gin
g ac
tivi
ties
wat
er q
uali
ty i
n th
e lo
wer
sect
ion
of t
he r
iver
. Oh
io
Env
iro
nme
nta
l Pr
otec
-
Eutr
ophi
cati
on o
r un
desi
rabl
e al
gae
tion
Age
ncy
(OE
PA)
will
use
the
mod
el
to m
oni
tor
Nat
ion
al P
ollu
tant
Dis—
Bea
ch c
losi
ngs
cha
rge
Elim
inat
ion
Sys
tem
(NP
DES
) di
scha
rges
, to
eval
uate
use
desi
gnat
ion
and
Deg
rad
ati
on o
f ae
sthe
tics
wat
er q
uali
ty s
tand
ard
crite
ria,
and
to e
valu
ate
the
Stag
e 2 R
AP
alte
rnat
ives
.
Deg
rad
ati
on
of p
hyt
opl
ank
ton
and
Wet
Wea
the
r M
ode
lli
ng.
The
pur
pos
e of
the
mod
el
bei
ng
dev
elo
ped
by
zoo
pla
nkt
on p
opu
lat
ion
s
the
OEP
A i
s to
ana
lyz
e c
ondi
tion
s d
uri
ng
low-
rive
r ﬂ
ow
and
to u
se
the
Los
s of
fish
and
wild
life
hab
ita
ts
mod
el
to i
nve
sti
gat
e i
ssue
s of
tra
nsp
ort
and
fate
for
spec
ific
pol
lut
ant
s o
f
I
con
cer
n.
(CC
C 19
92)
l
Remedial Actions Taken
Was
tew
ate
r p
ret
rea
tme
nt
imp
lem
ent
ed
on
LTV
Ste
el
and
the
Cit
y o
f
Cuy
aho
ga
Fall
s ha
s li
ned
a se
ctio
n of
sew
ers
wit
h a
plas
tic
slee
ve.
Det
roi
t Ri
ver
Rest
rict
ions
on
fish
and
wild
life
con
—
Mod
ell
ing
App
roa
ch
and
Rem
edi
ati
on
Opt
ion
s A
nal
yze
d
sum
pti
on
- D
etro
it R
ive
r Ma
ss
Bal
anc
e Mo
del
lin
g (1
986)
. T
he
resu
lts
of t
hese
anal
yses
Fish
tum
our
s an
d ot
her
defo
rmit
ies
indi
cate
d th
at t
he D
etro
it R
iver
is a
stat
isti
call
y si
gnif
ican
t so
urc
e of
seve
ral
Deg
rad
ati
on o
f be
nth
os
hea
vy m
eta
ls (
Cd,
Cu,
Pb,
Ni a
nd Z
n),
tota
l ph
osp
hor
us a
nd
PCB
s.
Rest
rict
ions
on d
red
gin
g ac
tivi
ties
(Up
per
Conn
ecti
ng C
hann
els
Stu
dy (
UGL
CCS
) 1
988)
Rest
rict
ions
on
dri
nki
ng w
ate
r co
n-
Tre
nto
n Ch
ann
el
Mas
s B
ala
nce
(198
6).
The
mod
el
sug
ges
ts t
hat
lead
, ca
d—
sum
pti
on
or t
aste
and
odo
ur
prob
-
miu
m,
cop
per
and
zinc
ente
r th
e Tr
ent
on
Cha
nne
l in
sign
ific
ant
amo
unt
s.
lems
No
reme
diat
ion
opti
ons
wer
e co
nsid
ered
.
Bea
ch c
losi
ngs
Detr
oit
Was
tew
ate
r T
rea
tme
nt
Plan
t (
WWT
P)
Plu
me
Mod
el.
A t
wo-d
i—
Deg
rad
ati
on o
f ae
sthe
tics
men
sio
nal
hyd
rod
yna
mic
and
wat
er q
uali
ty m
ode
l of
the
Detr
oit
Rive
r wa
s
Los
s o
f fi
sh a
nd
wild
life
habi
tats
dev
elo
ped
to s
imul
ate
the
imp
act
of t
he D
etro
it W
WT
P e
fﬂu
ent
on
wat
er
(un
der
ass
ess
men
t)
qual
ity.
It co
ntai
ns a
hyd
rod
yna
mic
mod
el
and
a fi
nite
ele
men
t t
rans
port
and
kine
tic
mod
el.
Eig
ht
efﬂ
uen
t m
ana
gem
ent
sce
nar
ios
wer
e c
hos
en
by
the Detroit WWTP for model evaluation of environmental fate.
Tre
nto
n C
han
nel
Tra
nsp
ort
Mod
el.
A t
ran
spo
rt m
ode
l i
s b
ein
g d
eve
lop
ed
and
cali
brat
ed f
or t
he
Tre
nto
n C
han
nel
usi
ng
spec
ific
con
duc
tan
ce
as a
trac
er f
or t
oxic
s.
Whe
n c
omp
let
ed,
it wi
ll c
alcu
late
the
prob
abil
ity
dist
ribu
—
tion
of t
oxic
ity
in w
ate
r d
ue
to s
edi
men
t r
esus
pens
ion.
No
rem
edi
ati
on
options were considered.
Proc
ess
Mod
ell
ing
. D
eve
lop
ed
for
the
Detr
oit
Riv
er r
ang
e f
rom
phys
ical
water movement models to temporal and spatially contaminant fate and
behaviour models. No remedial options considered. (UGLCCS 1988)
Remedial Actions Taken
NPD
ES
perm
it f
or C
ity
of D
etro
it r
equi
res
dev
elo
pme
nt a
nd
impl
emen
ta-
tion of a Combined sewer overﬂow (CSO) control program.
River Raisin Restrictions on fish and wildlife
 
consumption
Degradation of benthos
Restrictions on dredging activities
 
Modelling Approach and Remediation Options Analyzed
- M
ode
lli
ng
PC
B M
ass
Bal
anc
e.
An
ana
lys
is
of
PCB
mas
s l
oad
ing
s i
n t
he
Riv
er
Rai
sin
was
und
ert
ake
n t
o i
den
tif
y s
igni
fica
nt p
oll
uta
nt
sou
rce
s a
nd
i
sink
s.
The
mod
els
wer
e c
rea
ted
to
ass
ess
the
fol
low
ing
que
sti
ons
: W
hat
is
l
the
stat
us o
f P
CBs
in
the
wat
er?
Are
loca
l po
int
sou
rce
s c
ont
rib
uti
ng s
ig-
niﬁ
can
t c
ont
ami
nan
t l
oad
s t
o M
onr
oe
Har
bou
r?
Doe
s t
he
Riv
er
Rai
sin
/
l
Mon
roe
Har
bou
r ac
t as
a si
nk o
r a
sou
rce
for
PCB
s?
If t
he p
oin
t so
urc
es a
re
imp
ort
ant
, w
hat
is t
heir
ran
k a
cco
rdi
ng
to
loa
din
g?
Are
non
poi
nt
sou
rce
loads a concern? (Michigan DNR 1987)
Fate
and
Tra
nsp
ort
of C
u, C
r a
nd
Zn.
The
pred
icti
on o
f me
tal
s ex
pos
ure
s
in t
he R
iver
Rais
in w
as
dete
rmin
ed u
sing
a ma
ss b
alan
ce a
ppro
ach.
No
remedial options were considered.
A m
ode
l h
as b
een
crea
ted
for
the
lowe
r 2.
6 mi
les
of t
he R
iver
Rais
in t
o
estimate pollutant fate and transport. No remedial options considered.
Remedial Actions Taken
Local landfills and industrial sites have developed cleanup plans.
(IIC 1991b)
 
 TABLE 3.1. (Cont’d) Impaired uses and models developed for evaluating remediation options
IMPAIRED USES
MODEL DEVELOPMENT AND APPLICATION
Restrictions on fish and wildlife
consumption
Degradation of fish and wildlife
population
Fish tumours and other deformities
(under assessment)
Degradation of benthos
Restrictions on dredging activities
Eutrophication or undesirable algae
Beach closings
Degradation of aesthetics
Degradation of phytoplankton and
zooplankton populations
Loss of fish and wildlife habitats
Modelling Approaches and Remediation Option Analyzed (Michigan DNR 1988)
- A deterministic phytoplankton simulation model was developed to describe
the cause-effect connection between external nutrient loading and phyto-
plankton growth in Saginaw Bay.
The principal issue addressed in the development of the model was cultural
eutrophication. The model was developed for two reasons:
- to gain insight into the relevant physical, chemical and biological pro-
cesses affecting phytoplankton growth
- to use the model as a tool to compare future effects of various wastewater
management strategies. No remediation options considered.
(Bierman and Dolan 1981, pg. 410)
Remedial Actions Taken
The City of Saginaw’s new discharge permit, issued October 1989, mandates
a construction schedule for six retention basins.
Funds have beenappropriated to address various nonpoint source issues in
the Saginaw Bay.
Restrictions on fish and wildlife
consumption
Degradation fish and wildlife popu—
lations (under assessment)
Fish tumours and other deformities
(under assessment)
Bird or animal deformities or re-
productive problems
Degradation of benthos (mainly
due to oil and grease tars)
Restrictions on dredging activities
Restrictions on drinking water con—
sumption or taste and odour prob-
lems
Beach closings
Degradation of aesthetics
Loss of fish and wildlife habitats
(under assessment)
Modelling Approach and Remediation Options Analyzed
. Dispersion models (GLCCS 1988)
Hambdy and Kinkead (1979) predicted in stream concentration of chloride
from shore-based discharge outfalls. No remedial options considered.
McCorquodale and Bewtra (1982) provided a user’s manual for a model
designed to assess the convection-dispersion and decay of vertically mixed
pollutants from multiple outfalls. Also considered the dispersion and trans-
port of phenols in the St. Clair River. No remedial options considered.
Chan et al. (1986) modelled the ﬂuxes and the concentration distributed
profiles in water column, transects across the upper and lower St. Clair for
the contaminants HCB, HCBD, QCB and OCS (see glossary). Also calcu-
lated the flux of each compound across the river cross-section at Port
Lambton. No remedial options considered.
Hydrodynamic and Chemical Transport Models
- McCorquodale et al. (1986), Windsor k-s model. This model is a steady
state, depth average, turbulent mixing model designed to simulate complex
river systems with multiple outfalls. No remedial options considered.
US. EPA TOXIWASP model used only for hexachlorobenzene.
Nettleton and Hambdy (1988). User-oriented model to assess effects of
spilled contaminants. The modelling format is termed the St. Clair River
Spill manual.
SITE
Saginaw Bay
St. Clair River
St. Marys
River
i
  
Restrictions on fish and wildlife
consumption
Degradation of fish and wildlife
populations »
Fish tumours and other deformities
(under assessment)
Degradation of benthos
Restrictions on dredging activities
Eutrophication or undesirable algae
Beach closings
Degradation of aesthetics
Degradation of phytoplankton and
zooplankton populations
Loss of fish and wildlife habitats
(under assessment)
 
Modelling Approach and Remediation Option Analyzed
(UGLCCS 1988)
For the purpose of modelling, the St. Marys River has been divided into an
upper reach (above the regulatory works) and a lower reach (below the
regulatory works).
Fate and Transport Modelling accomplished using the contaminant dis-
pers
ion
sub
mod
el
of K
ETO
X a
nd
used
to p
redi
ct p
heno
l co
ncen
trat
ions
along the Canadian shoreline.
Hyd
rod
yna
mic
s Mo
del
lin
g ac
com
pli
she
d us
ing
the
mix
ing
mod
el
(k-e
). A
l-
lows the mixing zone to be defined so that various loading scenarios can be
compared and evaluated. These models have been used to derive the maxi—
mum effluent loads for given outfalls along the river.
Remedial Actions Taken
Wastewater filtration plant opened in 1990 (Algoma Steel), combined sewer
overﬂow control program is required by the NPDES permit for the City of
Sault St. Marie, Michigan.
 
 F
.
28
duri
ng t
his
proc
ess
have
prov
ided
guid
ance
on t
he c
hoic
e of
goal
s fo
r re
medi
al a
ctio
ns.
Thes
e
inclu
de:
25-ye
ar pr
oject
ions
of ma
ss b
alanc
e an
d tr
anspo
rt of
PCB;
15-ye
ar pr
oject
ions
of PC
B
conc
entr
atio
ns i
n wa
lley
e an
d bi
rds;
and
25-y
ear
proj
ecti
ons
of P
CB i
n wa
lley
e. A
ll a
re a
func
tion
larg
ely
of s
edim
ent
conc
entr
atio
ns a
nd m
obil
ity
upst
ream
in t
he F
ox R
iver
and
of t
he p
atte
rn o
f
stor
m-ev
ent
ﬂow
s an
d su
bseq
uent
biom
agni
fica
tion
in th
e ba
y (U
S. E
PA /
Wisc
onsi
n DN
R,
1992
).
Som
e ye
ars
ago,
sedi
ment
s co
ntam
inat
ed w
ith
PCB
s fr
om t
he F
ox R
iver
were
cons
ider
ed f
or
reme
diat
ion.
The
cost
coul
d we
ll h
ave
exce
eded
$500
mill
ion,
plus
addi
tion
al r
isks
of P
CB
con-
tami
nati
on o
f do
wns
tre
am s
edim
ents
duri
ng d
redg
ing,
as w
ell
as a
t bur
ial
sites
on t
he l
and.
The
simu
lati
on s
tudi
es o
f re
susp
ensi
on d
urin
g ﬂo
od e
vent
s an
d th
e tr
ansp
ort
and
biom
agni
fica
tion
in
the
food
chai
n of
Gre
en B
ay i
ndic
ate t
hat e
ven
with
no t
reat
ment
, av
erag
e co
ncen
trat
ions
of P
CB i
n
wall
eye
are
proj
ecte
d to
meet
curr
ent
heal
th t
oler
ance
s wi
thin
15 y
ears
, th
ereb
y pr
obab
ly a
llevi
at—
ing
the
defo
rmit
ies
in fi
sh-e
atin
g bir
ds.
The
mode
ls p
roje
ct t
hat
the
rive
r an
d ba
y sy
stem
s wo
uld
be f
ree
of ev
en e
piso
dic
PCB
resu
spen
sion
even
ts d
urin
g ﬂo
ods
with
in 2
5-30
year
s.
A s
umm
ary
of t
he m
ode
ls
and
thei
r re
sult
s w
as
pre
sen
ted
at a
two
—da
y w
ork
sho
p i
n Ch
i-
cago
, D
ece
mbe
r 3-
4, 1
992,
enti
tled
: “B
ala
nci
ng t
he B
ay:
Impl
icat
ions
of t
he G
ree
n B
ay/
Fox
Riv
er
Mas
s B
ala
nce
Stu
dy.
” W
ork
sho
p p
arti
cipa
nts
wer
e c
onf
ide
nt t
hat
the
app
roa
che
s to
rem
edi
ati
on
wou
ld
lea
d to
des
ire
d an
d co
st—e
ffec
tive
resu
lts.
A p
ubli
c an
d po
liti
cal
con
sen
sus
on
whi
ch
goal
s
to
cho
ose
was
stil
l ne
ede
d,
but
wit
h b
ene
fit
s a
nd
cos
ts
no
w m
ore
cer
tai
n,
fur
the
r p
rog
res
s s
eem
s
imminent.
Thu
s, t
he F
ox
Riv
er a
nd
Gre
en
Bay
mod
ell
ing
stud
ies
hav
e fo
cus
ed t
he a
naly
sis
of r
eme
dia
l
opt
ion
s o
n th
ose
wit
h th
e po
tent
ial
to a
ccel
erat
e pe
rma
nen
t bu
rial
of t
oxic
sub
sta
nce
s a
nd
pre
ven
t
thei
r fu
rthe
r re
sus
pen
sio
n, p
arti
cula
rly
wit
hin
10 t
o 25
year
s.
The
rive
r—be
d r
esu
spe
nsi
on s
imu
la-
tion
s id
enti
fied
a sm
all
num
ber
of h
ighl
y co
ntam
inat
ed s
edim
ent
beds
at hi
gh r
isk o
f re
susp
ensi
on
duri
ng
the
next
15 y
ears
. T
hese
sour
ces
wou
ld
cont
ribu
te m
ost
to t
he l
ong-
term
risk
of
reco
ntam
inat
ion,
and
shou
ld b
e th
e fo
cus
of s
peci
fic
dred
ging
deci
sion
s an
d de
term
inat
ions
of
cost
s an
d be
nefi
ts f
romr
emed
iati
on.
Clea
rly,
the
cost
of t
hese
meas
ures
, if
any
are
unde
rtak
en,
will be a small fraction of the cost once considered necessary.
Thes
e an
d re
late
d re
sult
s tel
l us
seve
ral
thin
gs a
bout
the
pote
ntia
l us
es o
f mo
dell
ing
at
AOC
s.
First
, th
e sy
stem
atic
anal
ysis
ofre
medi
atio
n op
tion
s us
ing
site—
speci
fic
simu
lati
ons
of
proj
ecte
d ou
tcom
es h
as,
desp
ite
a su
bsta
ntia
l ex
pens
e fo
r da
ta,
prov
ided
assu
ranc
e th
at l
ow c
ost
reme
dial
meas
ures
have
the
pote
ntia
l to
perf
orm
as w
ell
or be
tter
than
very
high
cost
alte
rnat
ives
.
Eve
n th
e “c
ost”
(fro
m de
laye
d be
nefi
ts)
of a
no-a
ctio
n al
tern
ativ
e ca
n be
eval
uate
d an
d co
mpa
red
with
othe
r op
tion
s.
Grea
ter
cons
ensu
s ca
n al
so b
e ob
tain
ed b
ecau
se t
he b
udge
t ne
ede
d fo
r a
spec
iﬁc
cour
se o
f act
ion
can
be s
how
n qu
anti
tati
vely
to be
com
men
sur
ate
with
proj
ecte
d ben
efit
s.
Whe
n th
is is
the
case
, the
prop
osed
reme
diat
ion
appe
ars
to c
omm
and
broa
d-ba
sed
publ
ic s
uppo
rt.
Alth
ough
the
cost
of t
he G
ree
n Ba
y ma
ss
bala
nce
mode
llin
g w
as
high
($10
,000
,000
), t
he
stud
y wa
s un
dert
aken
in p
art
as a
gene
ric
rese
arch
and
demo
nstr
atio
n pro
ject
, wi
th m
any
redu
n-
danc
ies
in d
ata
coll
ecti
on t
o as
sure
accu
racy
. W
hen
the
rese
arch
and
deve
lop
men
t co
sts
are
remo
ved
and
the a
ppro
ach i
s app
lied
to sm
all h
arbo
urs o
r sho
rt ri
ver-r
each
sites,
the c
osts
will
be
much
small
er an
d the
inve
stme
nt be
come
s rea
sonab
le in
comp
aris
on to
the l
ikely
benef
its i
n ter
ms
of c
omm
uni
ty c
onse
nsus
on a
cour
se o
f act
ion
and
long
-ter
m us
e of
the
reso
urce
. A
n in
form
atio
n
base
for
the
desi
gn o
f a
mod
el
is es
sent
ial
and
cost
-eff
ecti
ve f
or a
naly
sis
and
deci
sion
maki
ng,
espe
cial
ly w
hen
scar
ce r
esou
rces
are
allo
cate
d to
meas
ures
that
coul
d ot
herw
ise
be b
ased
on t
he
exaggeration or underestimation of the problems.
Doe
s th
e de
cisi
on p
roce
ss n
eed
less
data
-int
ensi
ve m
odel
s?
Prob
ably
yes,
alth
ough
the
Gre
en B
ay a
ppli
cati
ons
of m
odel
ling
invo
lved
an u
nusu
ally
larg
e an
d co
mpl
ex s
ite,
and
it re
pre-
sent
s on
ly a
sing
le c
ase
stud
y to
date
. A
t ot
her
sites
with
littl
e up
stre
am i
nput
, ex
isti
ng d
ata
and
simp
le m
ode
ls a
dapt
ed f
rom
thos
e at
Gre
en B
ay m
ay
suffi
ce.
The
real
ques
tion
is wh
ethe
r th
e
stak
ehol
der
comm
unit
ies
and
gove
rnme
nts
are
reac
hing
reas
onab
le c
onse
nsus
on t
he s
cope
, ap
-
 proach and costs of recovering impaired uses of resources. Taking short-cuts in data collection
and modelling could contribute to further postponement of consensus and action.
Detroit, St. Marys and St. Clair Rivers
These three Areas of Concern (AOCs) were investigated as part of the Connecting Channels Study
(UGLCCS 1988), and the results have some similarities (on a smaller scale) to the Fox River/Green
Bay modelling study. Generally similar impairments of uses are present, creating similar prob—
lems for remediation. Beach closings, restrictions on fish and wildlife consumption, fish tumours,
deformities and degradation of aesthetics are all present (IIC 1991b). At the Detroit River AOC,
major pollutants include PCBs and heavy metals transported to the AOC directly from small
\ tributaries and through biological and natural resuspension (IJC 1987a). The Detroit River RAP
also has used mass balance modelling, and the results indicate that the river is a significant source
of several heavy metals and phosphorus, as well as PCBs. Other models have been used or created
for the Detroit River, including the Trenton Channel Mass Balance, the Trenton Channel Transport
Model and related process models (UGLCCS 1988). They have not been used to identify remediation
options, however, nor has the data collection and modelling been adapted for simulation or for
comparison of outcomes over time. However, eight efﬂuent management scenarios were chosen
by the Detroit Wastewater Treatment Plant (WWTP) for evaluation of the environmental fate of
substances, using models for that part of the system (UGLCCS 1988).
The St. Clair River, another AOC included in the Connecting Channels Study, has impair-
ment in 11 of the 14 use categories, including beach closings, restrictions on fish and wildlife
consumption, degradation of fish and wildlife populations, fish tumours and degradation of aes-
thetics (IJC 1991b). The impairments in this AOC are largely due to 12 municipal treatment plants
and 44 industrial dischargers (IIC 1987a). Nonpoint sources such as agriculture, urban and rural
runoff and spills also contribute (Michigan DNR/OMOE 1991b). Contaminants are transported
within the AOC via groundwater movement, biological and natural resuspension and small tribu-
taries. The modelling activities conducted on the St. Clair River do not appear in the Stage 1 RAP,
but are found in the Upper Great Lakes Connecting Channels Study (UGLCCS 1988). Various
models have beendeveloped, including chemical transport models, hydrodynamic models and
dispersion models (Table 3.1). However, none appear to be in use currently to explore and
compare long-term outcomes of remediation options.
The St. Marys River is the third of the Connecting Channels Study sites, impaired in similar
ways
to th
e tw
o ab
ove.
Thes
e im
pair
ment
s are
due
large
ly to
cont
amin
ant
loadi
ng f
rom
three
municipal wastewater treatment plants, two industries and a variety of other nonpoint sources
such
as ur
ban
runof
f, co
mbin
ed s
ewer
over
ﬂows
and
spills
(Mic
higa
n DN
R/O
MOE
, 19
92).
The
cont
amin
ants
are b
roug
ht t
o thi
s AO
C vi
a sma
ll st
ream
s an
d tri
butar
ies,
over
land
runof
f an
d
biolo
gical
and
physi
cal r
esusp
ensio
n. M
odel
ling
in th
e St.
Mary
s Riv
er ha
s bee
n ac
comp
lish
ed
thro
ugh t
he Co
nnec
ting
Chan
nels
Stud
y (U
GLCC
S 198
8), b
ut wa
s not
used
to su
ppor
t ana
lysis
of
reme
diat
ion o
ption
s. H
owev
er,
sever
al di
ffere
nt ty
pes o
f mod
els
have
been
deve
lope
d an
d are
available for the river, including fate and transport, hydrodynamics and process models.
Hamilton Harbour and Port Hope Harbour
The
Hami
lton
Harb
our
AOC’
s im
pair
ed us
es in
clude
restr
ictio
ns on
fish
and
wildl
ife c
onsu
mp—
tion,
degr
adat
ion o
f fish
and
wildl
ife p
opula
tions
, fis
h tum
ours
, bea
ch cl
osing
s an
d the
degr
ada-
tion
of ae
sthet
ics (
IIC 1
991b)
. Th
ese
impa
irme
nts a
re d
ue l
argel
y to
the h
istor
ical
disch
arge
of
cont
amin
ants
from
point
sourc
es, i
nclud
ing t
wo st
eel m
ills
and
four
wast
ewat
er tr
eatme
nt pl
ants.
Some
nonp
oint
sourc
es in
clude
agric
ultur
al ru
noff,
road
salt.
and
ship
ping
spills
(OM
OE e
t a1.
1988)
. M
ost
conta
minat
ion i
s tra
nspor
ted t
o an
d wi
thin
the A
OC
via s
mall
strea
ms a
nd r
ivers,
overl
and r
unoff
, dir
ect di
schar
ge an
d sho
relin
e res
uspen
sion
proce
sses.
Mode
ls ha
ve be
en de
velo
ped
29
i
 for preliminary comparison of remediation measures, and in the case of the Janus-Vollenweider
mode
l, ha
ve be
en us
ed to
sugge
st re
ducti
on ta
rgets
for p
hosp
horu
s loa
ding
to th
e har
bour
(OM
OE
et a1.
1988)
. Th
e Ca
nada
Cent
re fo
r Inl
and W
aters
, loc
ated
near
Hami
lton
, has
play
ed a
n im
por-
tant
role
in su
ppor
ting
these
data
colle
ction
s and
mode
llin
g act
ivitie
s, in
coope
ratio
n wit
h a r
ange
of local stakeholders.
The P
ort H
ope
AOC
has o
nly t
wo u
se im
pair
ment
s, de
grad
atio
n of
bent
hos a
nd r
estri
ction
s
on d
redg
ing a
ctivit
ies, b
oth d
ue to
the p
resen
ce of
radio
nucli
des i
n the
sedi
ment
(IIC
1991b
). T
his
ADC
is un
ique
in th
at th
e co
ntam
inat
ion i
s due
to hi
stori
cal d
ischa
rges
from
a sin
gle u
rani
um
conv
ersi
on fa
cility
, and
thus
prim
ary
cont
amin
ants
are d
eriva
tives
of ra
dium
, ur
aniu
m an
d tho
-
rium
(Env
iron
ment
Cana
da/O
MOE
1989)
. Th
ese
mater
ials
are t
ransp
orted
withi
n th
e sy
stem
through physical and biological resuspension processes. Modelling in the form of a hydraulic
mass
balan
ce wa
s un
dert
aken
at on
e tim
e, bu
t no
speci
fic r
emed
ial m
easu
res
appe
ar to
have
been
inﬂuenced as a result of this work.
Saginaw Bay, Cuyahoga and Raisin Rivers
These three AOCs display many of the same impairments as the AOCs discussed above. At the
time
the S
agin
aw B
ay S
tage
1 RA
P wa
s pr
epare
d, eu
troph
icati
on w
as t
houg
ht to
be th
e mo
st
serio
us pr
oble
m due
large
ly to
the d
irect
disch
arges
of 12
7 was
tewa
ter
treat
ment
facili
ties a
nd 8
7
indus
trial
facili
ties (
Mich
igan
DNR
1988)
. No
npoi
nt so
urce
pollu
tion
is pr
esent
from
agric
ultur
e,
urban runoff, in-situ pollutants and atmospheric deposition. Contaminants are transported in
many ways, including small streams and tributaries, overland runoff, and sediment and biological
resuspension (Michigan DNR 1988). The Stage 1 RAP did not contain any modelling, but a
deterministic phytoplankton simulation model was developed to describe the cause-effect relation-
ships between external nutrient loading and phytoplankton growth in the bay (Bierman and
Dolan, 1981). However, the model has not been used yet in evaluating options for remediation of
the enrichment. The serious problems caused by organochlorine compounds are being addressed
in the Stage 2 RAP.
The Cuyahoga River RAP discusses ten impaired uses, including restrictions on fish and
wildlife consumption, fish tumours, beach closings and degradation of aesthetics (IIC 1991b).
These impairments are due largely to a variety of historical and present dischargers, including
steel mills, chemical manufacturers, wastewater treatment plants and metal refining facilities (IIC
1987a). Nonpoint sources includehazardous waste sites, landfills, quarries, mines, industrial stock
piles, tank storage areas, underground storage tanks, oil and gas wells, waste injection wells,
chemical spills, and rural and urban runoff (CCC 1992). The contaminants are transported to and
within the AOC by sediment resuspension, overland runoff and biological resuspension. Some
modelling for the ADC is underway, but little is reported in the RAP. The immediate goal has
been to produce a hydrodynamic model to quantify the linkages between sources and in—stream
conditions and their effect on use. In particular, a Water Analysis Simulation Program (WASP)
water quality model is being used to assess point and nonpoint impacts (CCC 1992). Efforts are
also underway to produce a wet weather model that would aid in predicting conditions during
high and low ﬂows. To date, none of these models appear to have beenused to advise among
remedial options or facilitate remediation decisions.
The River Raisin AOC has impaired uses for fish and wildlife consumption, degradation of
benthos and restrictions on dredging (IJC 1991b). The contamination problems within the river are
due in part to local automobile component production, power plants and wastewater treatment
facilities (Michigan DNR 1987). Most wastes are transported to the AOC via land runoff, ground-
water, sediment resuspension and biological resuspension. Several preliminary models have been
developed, including PCB mass balance, fate and transport models and sediment resuspension,
but the PCB mass balance is the only one that has been used to address management questions
such as the significance of nonpoint sources to this AOC (Michigan DNR 1987).
3.3.2 Discussion
The uses of models at these nine sites range from intensive to superficial. However, the extent of
public confidence concerning benefits from remedial measures seems generally to be proportional
to the degree that future risks, prospective outcomes from remediation programs, and local com-
munity activism are quantitatively examined. The status of decisionmaking is ﬂuid at all of the
sites, however, and the specific situation at some sites may be different now than the information
available at the time of this assessment. In addition, community enthusiasm for recovery of
beneficial uses may suffice in some cases to build consensus on remediation options, at least in
those locations where there is little divergence in the costs and benefits of the available alterna—
tives. Nevertheless, a general pattern remains: where specific data have been obtained to define
the problem and the goals for its remediation, and where the mechanisms and time-course for
reaching those goals are understood and generally agreed on by all stakeholders, consensus on a
course of action over a specific timeframe is likely.
The diversity of problems among the nine sites is interesting. Certain impairments are
present in a recurring pattern, including a 78% beach closing rate, 78% occurrence for fish tumours
and other deformities, 78% degradation of aesthetics, 88% restriction on fish and wildlife con-
sumption, and 100% restrictions on dredging and degradation of benthos. Many of these impair—
ments have the ability to severely restrict a wide range of public uses. In comparison with data on
impairments at the 34 sites without modelling, there is some evidence of a relationship between
the seriousness of the impairments and the apparent priority attached to evaluating remedial
options quantitatively. For example, the presence of fish tumours and deformities is less frequent
among the 34 than in the initial set of nine (IIC 1991b). The nine AOCs with modelling are mostly
high profile sites located near major population centers, valued not only for their ability to assimi-
late waste, but for their value as a source of recreation and other public uses. However, other high
profile sites with majorimpairments of use have not yet developed programs for analysis of
remediation options.
There may be a need for greater interaction between scientists analyzing remedial options
and the stakeholders and user community (the “public”) who must pay for implementation. Cer-
tainly, the Fox River/Green Bay AOC appears to have benefited from recurring workshops that
brought the modelling community, governments and local stakeholders together to consider spe—
cific measures and schedules for decisions and implementation. This has not been the case for
many other modelling activities, and the absence of feedback mechanisms should be recognized as
a potential limitation in the RAP process rather that a limitation of modelling per se.
Two
other
broa
d que
stion
s sho
uld b
e con
sider
ed:
How
unive
rsal
is th
e nee
d for
impr
oved
data
base
deve
lopm
ent a
nd qu
antit
ative
comp
aris
on of
reme
diat
ion o
ption
s acr
oss t
he en
tire
array
of 43
AOCs
? Si
milar
ly, h
ow c
onsta
nt wi
ll be
the b
enefi
ts fr
om sy
stema
tic c
ompa
riso
n of
an ar
ray
of re
medi
atio
n opt
ions
usin
g sim
ulati
on mo
dell
ing o
r oth
er pr
edict
ive m
odel
s? T
he t
wo ca
tego-
ries
of RA
Ps e
xami
ned
show
ed g
enera
l sim
ilari
ties
in th
e imp
aire
d use
s, in
the t
ypes
and
sourc
es
of co
ntam
inat
ion a
nd in
the g
enera
l cla
ss of
trans
port
subs
yste
ms th
at cr
eate
a loc
al or
area
wide
prob
lem.
Thes
e sim
ilari
ties
sugge
st th
at th
e mod
elli
ng ap
proa
ches
used
in th
e firs
t set
of ni
ne si
tes
need to be considered at the other 34 sites in the future.
Diff
erin
g le
vels
of p
rior
ity
give
n to
mode
llin
g se
em t
o be
rela
ted
mor
e to
the
num
ber
of
peop
le a
ffec
ted b
y th
e im
pair
ed u
ses,
rath
er t
han
by t
he n
atur
e of
the
site.
The
abse
nce
of m
odel
-
ling
at th
e 34
sites
, the
refo
re,
seem
s no
t to
be d
ue t
o th
e ab
senc
e of
a ne
ed f
or p
redi
ctiv
e mo
dels
.
Rath
er,
the
loca
l co
mmu
nit
y do
es n
ot a
ppea
r to
have
yet
urge
d re
medi
al a
ctio
n in
as s
tron
g te
rms
as h
as b
een
the
case
in t
he fi
rst s
et wh
ere
mode
llin
g is
bein
g us
ed.
Gov
ern
men
ts a
nd c
omm
uni
ty
leade
rs ap
pare
ntly
have
not f
elt pr
esse
d to s
uppo
rt de
velo
pmen
t of
the n
ecess
ary d
ataba
se, p
redic
-
tive
mod
els
or p
reci
se c
ompa
riso
n of
opti
ons.
The
abse
nce
of g
ood
data
base
s an
d th
e fe
ar o
f hi
gh
cost
reme
diat
ion
prog
rams
(pos
sibl
y un
foun
ded)
may
be d
isco
urag
ing
both
gove
rnme
nts
and
loca
l co
mmun
itie
s fr
om e
ven
eval
uati
ng th
eir o
ptio
ns.
31
 
  
32
3.3.3
3.3.4
 
Findings and Conclusions
Sever
al R
APs
do n
ot c
ontai
n mod
els,
but
some
mode
llin
g act
iviti
es ar
e as
socia
ted
with
part
icul
ar A
OCs
. M
odel
ling
unde
rtak
en f
or t
he D
etro
it,
St. C
lair
and
St. M
ary
s Ri
vers
has
not
yet
been
inco
rpor
ated
into
Stag
e 2
RAPs
. O
ther
mode
llin
g re
port
s sp
ecif
ic t
o a
give
n
AOC
, b
ut e
xter
nal
to t
he R
AP,
also
exist
. T
hese
“col
late
ral
stud
ies”
(wit
h th
eir
sepa
rate
fund
ing
mech
anis
ms)
offe
r gr
eat
pote
ntia
l to
supp
ort
the
RAP
proc
ess
and
prov
ide
docu
-
ment
atio
n of
pros
pect
ive b
enef
its
thro
ugh
use
of c
ompr
ehen
sive
, qu
anti
tati
ve m
odel
s.
The
patt
ern
amo
ng s
ites
whe
re m
odel
ling
has
been
used
with
som
e in
tens
ity
(i.e.
Gre
en B
ay
and
Hami
lton
Harb
our)
indi
cate
s ge
nera
lly
mor
e co
nfid
ence
and
mor
e co
nsen
sus
in a
pro-
pose
d co
urse
of ac
tion
than
whe
re m
odel
ling
has
been
limi
ted
to c
urre
nt d
escr
ipti
ons
of t
he
proc
esse
s op
erat
ing
at a
site.
Anal
ysis
of t
he d
iffe
renc
es s
ugge
sts
that
whe
re p
rosp
ecti
ve
bene
ﬁts
have
been
expl
ored
over
time
thro
ugh
simu
lati
on s
tudi
es, m
ulti
-sta
keho
lder
cons
en-
sus improves.
Past
expe
rien
ce a
t si
tes
outs
ide
the
Grea
t La
kes
basi
n (r
evie
wed
at t
he G
ree
n B
ay M
ass
Bala
nce
Wor
ksh
op,
Dec
emb
er 1
992)
sho
ws t
hat u
se o
f pr
edic
tive
mode
ls l
eads
to m
ore
cost
-
effe
ctiv
e da
ta c
olle
ctio
n an
d go
al d
efin
itio
n, a
nd b
uild
s co
nsen
sus
on a
cour
se o
f re
medi
al
acti
on.
Thes
e ad
vant
ages
shou
ld b
e ma
de e
xplic
it to
impr
ove
the
time
tabl
e for
broa
d im
ple-
men
tat
ion
of t
he G
rea
t La
kes
Wat
er Q
ual
ity
Agr
eem
ent
in t
he A
rea
s of
Con
cer
n.
Recommendations
Thus
, th
e Bo
ard
conc
lude
s th
at s
tron
g le
ader
ship
from
the
Inte
rnat
iona
l Joi
nt C
omm
iss
ion
fami
ly,
and
demo
nstr
atio
n of
the u
tility
of mo
dell
ing t
hrou
gh su
ccess
ful c
ase s
tudie
s, is
need
ed to
assur
e
syste
matic
analy
sis o
f rem
edia
tion
optio
ns an
d cos
ts at
AOCs
. Th
e ana
lysis
is ne
eded
also
to bu
ild
confi
dence
in th
e dec
isio
nmak
ing p
roces
s, an
d to
supp
ort s
trate
gies
for t
he mo
st co
st ef
fecti
ve da
ta
collection, monitoring and remediation. It is recommended that:
the Commission urge the Parties to utilize state-of-the-art predictive capabilities and apply
them
wide
ly to
assur
e cos
t eff
ectiv
e and
time
ly im
prov
emen
ts of
wate
r qua
lity
at Ar
eas
of
Concern, and in the Great Lakes generally
the
Com
mis
sio
n su
ppor
t pr
opos
als
for
a ba
sinw
ide
wor
ksh
op
to e
xcha
nge
expe
rien
ces
bet
wee
n lo
cal
offi
cial
s an
d sc
ient
ists
who
are
usin
g mo
del
s su
cces
sful
ly i
n Re
med
ial
Acti
on Pl
ans a
nd ot
hers
in th
e reg
ion w
ho a
re co
nside
ring
prop
osal
s for
local
and
lake
wide
remedial action
 __,—___—1
4. WORKGROUP ON ECOSYSTEM HEALTH
The Terms of Reference adopted by the Workgroup on Ecosystem Health and approved by the
Science Advisory Board at their 87th meeting, September 17, 1992 meeting are as follows:
Fundamental Principles
0 People are part of, and not separate from, the rest of the ecosystem
0 Health is a state of complete physical, mental and social well-being and not merely the
absence of disease or infirmity (WHO)
0 The "weight-of-evidence” approach is a sufficient basis for policy development
Mandate and Responsibilities
1. Interpret and advise on public policy and perspectives underpinning that policy affecting
and affected by the Great Lakes Basin Ecosystem health through an ecosystem approach
2. Investigate and devise systematic and comprehensive means of assessing the health of the
Great Lakes Basin Ecosystem, including the essential community structure and life-sustain-
ing processes
3. Identify and anticipate injury to biodiversity and the integrity of the Great Lakes Basin
Ecosystem revealed through multiple perspectives on the environment
4. Advise the International Joint Commission, through the Science Advisory Board, on:
0 the current state of knowledge anddata gaps on exposure through all media of hu-
mans and other biota to hazardous substances
0 evaluation of the relationships between exposure to hazardous substances or agents
and ecosystem health status (e.g. risk assessment)
0 assessment of the value of the usefulness of different biological markers in an ecosys-
tem approach
0 development of a comprehensive approach for monitoring ecosystem health
0 development of strategies for ecosystem disease /injury prevention and restoration
  
The workgroup was formed to further develop, explore and identify the concept of ecosys-
tem health as it pertains to the Great Lakes basin. The concept of ecosystem health is developed
by analogy through understanding human health, animal and plant life health, the health of
communities, and the complex interactive development of all biota and abiota found in one place
at one time. The workgroup is exploring the conceptual framework that follows from this analogy
encourages a focus on ecosystem health in the broadest of terms. This includes evaluation of
chan
ges,
orde
rly
flow,
harm
onic
and
dish
armo
nic
inter
relat
ionsh
ips,
flexi
bilit
y, re
silie
nce,
susta
inabi
lity,
produ
ctivi
ty an
d re
produ
ction
. Th
e wo
rkgr
oup
has
wide
ned
the d
iscou
rse i
n an
attempt to move more freely between more traditional notions of human health and rich ecosys-
tem function, and in so doing explore complex and new (or at least unrealized) relationships in the
ecosystem.
An example of the complexity of the ecosystem health approach is the area of ecosystem
stress, for which there is no identity or simple prescription. Consider oxygen in the atmosphere.
In very real ways it is a pollutant, the end product of photosynthesis. For human and other 33
 eucaryotic organisms, oxygen is a part of a healthy ecosystem. However, for anaerobic bacteria,
oxyg
en is
a tox
ic en
viro
nmen
tal p
ollut
ant o
f the
entir
e eco
syste
m. T
his
raise
s the
issue
of th
e
natur
e of
patho
logy.
In hu
man
healt
h, pa
thol
ogy
is eas
ier t
o ide
ntify
than
in ec
osys
tem
healt
h.
The
prob
lems
of de
finit
ion o
f wel
lness
and
path
olog
y not
only
for h
uman
s, b
ut ot
her s
pecie
s an
d
the entire complex ecosystem, is very difficult.
If de
fini
ng e
cosy
stem
heal
th is
diffi
cult
and
comp
lex,
deve
lopi
ng s
ensi
tive
tool
s an
d me
th—
ods
to m
eas
ure
ecos
yste
m he
alth
is ev
en m
ore
chal
leng
ing.
Ther
e are
, ho
weve
r, s
ever
al i
ndic
ator
s
of e
cosy
stem
heal
th t
hat h
ave
been
emp
loy
ed o
ver
the
year
s as
meas
ures
of e
cosy
stem
heal
th s
uch
as sp
ecie
s di
vers
ity
and
/or
loss
of ha
bita
t. S
imil
arly
, th
e he
alth
of bi
rds
or f
ish t
hat a
re h
igh
in th
e
food
chai
n ha
s fo
r a l
ong
time
been
sugg
este
d as
a bi
oind
icat
or of
ecos
yste
m he
alth
.
Never
thele
ss, n
ew m
etho
ds t
o stu
dy ec
osys
tem h
ealth
that
are m
ore
sensi
tive
and
addr
ess
the
comp
lexi
ty o
f th
e ec
osys
tem
mus
t be
deve
lope
d.
This
new
met
hod
olo
gy m
ust
not
only
brid
ge
the s
cient
ific
disci
pline
s but
also
trans
cend
the t
radit
ional
boun
dari
es of
the b
iolog
ical,
physi
cal
and
soci
al sc
ienc
es.
Ther
e is
a gr
owin
g re
cogn
itio
n of
the
need
for a
“tra
nsdi
scip
lina
ry a
ppro
ach”
to ec
osys
tem
scie
nce
empl
oyin
g a s
yste
ms a
naly
tica
l fr
ame
work
to in
tegr
ate
the
“kn
owl
edg
e ba
se”
deve
lope
d in
spec
iali
zed
scien
tific
dom
ain
s su
ch a
s pla
nt,
anim
al a
nd h
uma
n ph
ysio
logy
, to
xico
l—
ogy,
mole
cula
r bi
olog
y, c
hemi
stry
, ec
olog
y, c
omm
uni
ty h
ealt
h, e
cono
mics
, po
litic
al s
cien
ces
and
ethic
s. T
he i
mple
ment
atio
n an
d de
sign
of su
ch ec
osys
tem h
ealth
resea
rch m
ust
also
incor
porat
e
the
stak
ehol
ders
acro
ss t
he b
asin
who
have
valu
able
kno
wle
dge
and
pers
pect
ives
to c
ontr
ibut
e,
not
nece
ssar
ily b
y vi
rtue
of a
ny f
orma
l tr
aini
ng b
ut b
ecau
se t
hey
live
and
wor
k in
the
basi
n.
4.1
Act
ivi
tie
s o
f t
he
Wor
kgr
oup
on
Eco
sys
tem
Hea
lth
The workgroup in its first year has participated in five activities to explore the complexities of
ecos
yste
m hea
lth a
nd t
o dev
elop
meth
ods
and
tools
to mo
nito
r the
ecosy
stem.
The
first
and
possi
bly t
he mo
st im
port
ant w
as th
e inc
eptio
n of
the w
orkg
roup
itself
, and
the s
tart o
f the
mem-
bers’
dial
ogue
on e
cosy
stem
healt
h as
outli
ned a
bove.
In ad
ditio
n, th
e wor
kgro
up s
pons
ored
one
majo
r wo
rks
hop
"Ou
r Co
mmu
nit
y, O
ur H
ealt
h: D
ialo
gue
Betw
een
Scie
nce
and
Com
mun
ity
,” a
nd
mem
ber
s pa
rtic
ipat
ed i
n th
ree
othe
r wo
rks
hop
s o
n in
tegr
atin
g hu
man
heal
th c
onsi
dera
tion
s in
Reme
dial
Acti
on P
lans
, bi
oind
icat
ors
as a
meas
ure
of s
ucce
ss o
f vir
tual
elim
inat
ion
of p
ersi
sten
t
toxi
c su
bsta
nces
, an
d ri
sk as
sess
ment
, co
mmun
icat
ion
and
man
age
men
t in
the
Grea
t La
kes
basi
n.
Repo
rts
on t
hese
three
sessi
ons w
ill b
e pre
sente
d in
great
er de
tail
in ot
her s
ubmi
ssio
ns to
the
Commission.
4.1.1 Workshop on Our Community, Our Health:
Dialogue Between Science and Community
This
work
shop
, he
ld Se
ptem
ber
14 an
d 15,
1992
in An
n Arb
or, M
ichi
gan,
was
calle
d to
exam
ine
ecos
yste
m hea
lth i
ssues
from
the s
cient
iﬁc a
nd c
ommu
nity
point
s of V
iew.
Its go
al wa
s to
explo
re
how
the
scien
tific
and
the
gene
ral
publ
ic c
ommu
niti
es p
erce
ive
each
othe
r, a
nd t
o id
enti
fy o
ppor
-
tuni
ties
for b
oth
comm
unit
ies
to w
ork
toge
ther
to im
prov
e th
e ove
rall
heal
th o
f th
e ec
osys
tem.
Wor
ksh
op p
arti
cipa
nts
incl
uded
Comm
issi
oner
s, r
epre
sent
ativ
es o
f en
viro
nmen
tal
and
com
—
muni
ty or
ganiz
ation
s, sc
ienti
sts a
ctive
ly wo
rkin
g in
a ran
ge of
healt
h are
as, p
ublic
healt
h off
icers
,
repre
senta
tives
of in
dustr
y an
d go
vern
ment
s.
A ful
l rep
ort o
f thi
s wo
rksh
op is
avail
able
as a
separate publication of the International Joint Commission (Commission or IIC).
The
work
shop
was
divi
ded
into
sever
al se
ction
s. F
irst,
leade
rs fr
om s
evera
l co
mmun
ity
grou
ps d
iscu
ssed
thei
r en
viro
nmen
tal
conc
erns
: h
ow
they
have
trie
d to
deal
with
thei
r en
viro
n—
 mental issues; how they involved public healthofficers and speciﬁc scientists; how their concerns
were addressed by the scientific and public health communities and how they attempted to scien—
tifically study their community’s health. Community groups present were the East Toronto 2000
Participatory Health Study and the Akwesasne Mother’s Milk Project, representing native commu—
nities’ traditional ecosystem approach.
In the second section of the workshop, ecosystem health investigators discussed the com-
plexity of current scientific models and the limitations of the models, methods and results. A
significant limitation of many studies is the inability to extrapolate the results of one study on one
species to other species or locations.
The workshop participants then discussed four areas of community / science concern:
0 scientific uncertainty and the weight-of—evidence approach for making decisions
0 extrapolating data from the very small (biochemical indicators or individual communities) to
the very large (ecosystem as a whole)
' the role of science and professional scientists in environmental health concerns of the community
0 communications between the concerned general public and the scientific community
The following thoughts were generated in the discussions of the four major topics. These
thoughts and suggestions in some cases did not constitute the general consensus of the workshop,
but are listed because they demonstrate a distinct point of view:
The Weight-of-Evidence Approach
0 The weight-of—evidence concept must be developed into a comprehensive, explicit process
for environmental decisionmaking
0 The IJC’s determination, in 1990 and 1992, using the weight-of~evidence approach that per-
sistent toxic substances should be virtually eliminated from the Great Lakes basin, is strongly
supported
Inference Across Levels of Biological Organization
0
Our
abili
ty to
draw
infer
ence
from
the v
ery
small
(e.g.
mole
cula
r eff
ects
in in
divid
uals,
or
effec
ts in
singl
e pop
ulati
ons o
r com
muni
ties
) to
the v
ery l
arge
(clini
cal ef
fects
in in
divid
uals,
and effects at the ecosystem level) needs further development
0
Of g
reate
st im
port
ance
are b
iolog
ical
indic
ators
of st
ress
from
haza
rdou
s su
bstan
ces t
hat
prov
ide
early
warn
ing
of ad
vers
e eff
ects.
Rese
arch
and
deve
lopm
ent
of th
ese i
ndica
tors
must be supported, and goverhments must officially recognize their value
0
The
gene
ral
publ
ic n
eeds
to b
e ed
ucat
ed a
bout
the
impo
rtan
ce,
mea
nin
g an
d im
plic
atio
ns o
f
biological indicators
0
Ecos
yste
m-le
vel
indi
cato
rs m
ust
also
be d
evel
oped
to e
nabl
e in
fere
nce
in t
he o
ppos
ite
dire
c—
tion, from the very large to the very small
The Role of Scientists
0
Scie
ntis
ts a
re e
ncou
rage
d to
bec
ome
invo
lved
in c
ommu
nity
-bas
ed h
ealt
h st
udie
s, in
poli
cy
advisory committees, and in environmental advocacy
0
The
IJC
shou
ld p
rom
ote
the
esta
blis
hmen
t of
mec
han
ism
s by
whi
ch “
reso
urce
poor
” or
gani
-
zati
ons
and
inte
rest
s ca
n ob
tain
scien
tific
info
rmat
ion,
refe
rral
s an
d di
rect
assi
stan
ce,
par-
ticularly in dispute situations
'
Scie
ntis
ts s
hou
ld b
e tr
aine
d in
adv
oca
cy m
eth
ods
, cr
oss-
disc
ipli
nary
and
cros
s-se
ctor
al t
eam
-
wor
k, a
nd
a mo
re h
olis
tic
app
roa
ch t
o da
ta c
olle
ctio
n an
d an
alys
is
0
Env
iro
nme
nta
l h
eal
th
stud
ies
sho
uld
not
be
und
ert
ake
n i
n a
com
mun
ity
wit
hou
t t
he
community’s explicit permission
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0
Env
iro
nme
nta
l h
eal
th
stu
die
s s
hou
ld
enc
our
age
com
mun
ity
par
tic
ipa
tio
n a
nd
inv
olv
e c
om-
munity members wherever possible
°
Env
iro
nme
nta
l h
eal
th
stu
die
s s
hou
ld
pro
vid
e d
ire
ct
ben
efi
ts
to
the
com
mun
ity
, i
ncl
udi
ng
env
iro
nme
nta
l h
eal
th
edu
cat
ion
, t
rai
nin
g, e
mpl
oym
ent
, q
uic
k f
eed
bac
k o
f s
tud
y r
esul
ts,
and
ass
ist
anc
e i
n d
eve
lop
ing
str
ate
gie
s f
or c
om
mu
ni
ty
act
ion
to
red
uce
or
eli
min
ate
the
eff
ect
s o
f
environmental problems
0
Th
e I
JC
sho
uld
enc
our
age
har
mon
iza
tio
n i
n d
ata
col
lec
tio
n s
o t
hat
dat
a c
an
be
sha
red
acr
oss
the basin
0
A
bin
ati
ona
l i
nve
nto
ry
of
dat
a o
n
the
use
, r
ele
ase
an
d s
tor
age
of
haz
ard
ous
sub
sta
nce
s
should be developed
0
Pha
rma
ceu
tic
al
dru
g u
se
pat
ter
ns,
suc
h a
s a
nti
his
tam
ine
s,
ast
hma
inh
ale
rs,
an
d/
or
thy
roi
d
sup
ple
men
ts
sho
uld
be
inv
est
iga
ted
as
pot
ent
ial
bio
ind
ica
tor
s o
f c
om
mu
ni
ty
hea
lth
sta
tus
Communication
0
Th
e
rec
omm
end
ati
ons
of
the
IIC
’s
Six
th
Bie
nni
al
Rep
ort
(19
92)
are
the
sub
sta
nce
of
wh
at
nee
ds
to
be
co
mm
un
ic
at
ed
at t
his
tim
e.
Thi
s i
ncl
ude
s t
he
wei
ght
-of
—ev
ide
nce
con
cep
t a
nd
its
imp
lic
ati
on:
vir
tua
l e
lim
ina
tio
n o
f p
ers
ist
ent
tox
ic
sub
sta
nce
s.
To
be
eff
ect
ive
, t
he
rec
om—
mendations need target dates
0
Th
e I
IC
sho
uld
enc
our
age
an
d f
aci
lit
ate
com
mun
iti
es,
org
ani
zat
ion
s a
nd
gov
ern
men
ts
at
all
lev
els
to
rev
iew
the
Bie
nni
al
Rep
ort
, t
o e
xce
rpt
, s
umm
ari
ze,
end
ors
e a
nd
ado
pt
the
rec
om-
men
dat
ion
s,
as
app
rop
ria
te;
an
d t
o c
om
mun
ic
at
e t
hei
r e
ndo
rse
men
t t
o t
he
tw
o f
ede
ral
gov
-
emments
0
Whi
le
cha
nge
s a
re n
eed
ed
at t
he i
ndi
vid
ual
life
styl
e le
vel
for
soc
iet
y to
cha
nge
cou
rse
, t
hes
e
rec
omm
end
ati
ons
nee
d t
o b
e c
om
mun
ic
at
ed
to
an
d a
cte
d u
po
n b
y l
egi
sla
tor
s
0
The
IIC
sho
uld
tak
e n
ew
init
iati
ves
to c
omm
uni
cat
e i
ts r
eco
mme
nda
tio
ns
to
a w
ide
r a
udi
-
enc
e. T
his
mig
ht
inv
olv
e pr
ese
nta
tio
ns a
t ma
jor
con
fer
enc
es a
nd
wor
kin
g m
ore
act
ive
ly w
ith
the
net
wor
k of
ind
ivi
dua
ls a
nd
org
ani
zat
ion
s a
lre
ady
awa
re
of t
he
UC’
s p
oli
cy r
eco
mme
nda
tio
ns
Working Together
0
Val
ue
pos
iti
ons
mus
t b
e i
n t
he o
pen
, a
ckn
owl
edg
ed
and
res
pec
ted
for
any
mul
ti-
par
ty
pro
—
cess to work
0
Env
iro
nme
nta
l d
eci
sio
nma
kin
g p
roc
ess
es
sho
uld
res
pec
t t
he
con
cer
ns
an
d
exp
eri
enc
e o
f
affected communities as valid
'
Th
e u
se
of
par
tne
rsh
ip
pro
ces
ses
for
ide
nti
fyi
ng
pr
ob
le
ms
, f
ind
ing
an
d
im
pl
em
en
ti
ng
sol
u-
tio
ns,
an
d e
val
uat
ing
eff
ect
ive
nes
s s
hou
ld
be
pr
om
ot
ed
Aft
er
the
wor
ksh
op,
the
wo
rk
gr
ou
p
an
d
the
n t
he
Sci
enc
e A
dvi
sor
y B
oar
d
exa
mi
ne
d t
he
dis
cus
sio
ns,
com
men
ts
and
rec
omm
end
ati
ons
.
Bas
ed
on
the
ir c
onc
lus
ion
s,
the
Sci
enc
e A
dvi
sor
y
Board recommends that:
0
the
Com
mis
sio
n f
urt
her
pro
mot
e t
he
wei
ght
-of
-ev
ide
nce
con
cep
t a
s a
com
pre
hen
siv
e e
x-
plic
it t
ool
in s
upp
ort
of e
nvi
ron
men
tal
dec
isi
onm
aki
ng
0
the
Com
mis
sio
n p
rom
ote
the
est
abl
ish
men
t of
mec
han
ism
s b
y w
hic
h “
res
our
ce
poo
r”
org
ani
-
zat
ion
s a
nd
the
gen
era
l pu
bli
c ca
n o
bta
in s
cien
tifi
c in
for
mat
ion
, re
fer
ral
s a
nd
ass
ist
anc
e
0
the
Co
mm
is
si
on
pr
om
ot
e s
tud
ies
exa
min
ing
the
eff
ect
s o
f t
he
env
iro
nme
nt
on
eco
sys
tem
hea
lth
tha
t t
ake
int
o a
cco
unt
the
em
po
we
rm
en
t,
par
tic
ipa
tio
n a
nd
inv
olv
eme
nt
of
the
co
mm
un
it
y i
n a
ll
asp
ect
s o
f t
he
stu
dy,
inc
lud
ing
des
ign
, c
ond
uct
an
d i
nte
rpr
eta
tio
n
0
the
Co
mm
is
si
on
enc
our
age
com
par
abl
e
sta
te-
of-
the
-ar
t m
eth
odo
log
ies
wit
h a
ppr
opr
iat
e
Qua
lit
y A
ssu
ran
ce/
Qua
lit
y C
ont
rol
in
bas
in
stu
die
s t
o c
ert
ify
the
sen
sit
ivi
ty,
acc
ura
cy
an
d
rep
rod
uci
bil
ity
of
the
me
th
od
s i
n e
ac
h l
abo
rat
ory
0 the Commission take new initiatives to communicate its recommendations to a wider audi-
ence. This might involve presentations at major conferences and working more actively with
the network of individuals and organizations already aware of the policy recommendations
4.1.2 Workshop on Integrating Human Health Considerations
in Remedial Actions Plans Workshop
The
Work
grou
p on
Ecos
yste
m He
alth
assis
ted t
he In
terna
tiona
l Joi
nt Co
mmis
sion
’s R
emed
ial
Acti
on Pl
an St
eerin
g Co
mmit
tee
in pl
anni
ng a
Roun
dtab
le o
n Int
egrat
ing H
uma
n He
alth
Issue
s
into
Reme
dial
Acti
on Pl
ans (
RAPs)
. Me
mber
s of
the w
orkg
roup
parti
cipat
ed in
the s
essio
n hel
d at
Toro
nto
in Ja
nuar
y 199
3. A
bout
25 R
AP p
racti
tione
rs an
d hea
lth p
rofes
siona
ls, C
ommi
ssio
n Co
—
Cha
irs
Lan
thi
er a
nd
Durn
il,
and
Com
mis
sio
ner
Wal
ker
also
atte
nded
.
A h
igh
degr
ee o
f su
ppor
t w
as
expr
esse
d fo
r th
e ne
ed
to i
ncor
pora
te i
nfor
mati
on a
bout
hum
an
heal
th c
onsi
dera
tion
s in
RAP
s a
nd t
o in
volv
e he
alth
prof
essi
onal
s in
the
proc
ess
at t
he
com
mun
ity
leve
l.
In o
rde
r fo
r th
is t
o ha
ppe
n, h
owe
ver
, a
num
ber
of i
niti
ativ
es a
re r
equi
red:
0
RAP
coor
dina
tors
shou
ld e
ncou
rage
pers
ons
with
hum
an
heal
th e
xper
tise
and
loca
l ex
peri
-
enc
e to
bec
ome
inv
olv
ed i
n RA
Ps
and
thei
r pu
blic
adv
iso
ry c
omm
itt
ees
0
opp
ort
unit
ies
sho
uld
be p
rov
ide
d fo
r he
alth
prof
essi
onal
s to
bec
ome
mor
e a
war
e of
env
iro
n—
ment
al i
ssue
s as
they
rela
te t
o hu
man
heal
th a
nd h
uma
ns
as p
art
of b
road
er e
cosy
stem
health
0
rele
vant
data
and
scien
tific
info
rmat
ion
and
guid
elin
es i
n par
ticu
lar
are
nee
ded
to id
enti
fy
what indicators of human health should be incorporated into RAPs
In c
onsi
deri
ng t
hese
issue
s, t
he w
ork
gro
up n
oted
that
som
e pr
ogre
ss i
s be
ing
mad
e by
RAP
coor
dina
tors
to e
ncou
rage
the
invo
lvem
ent
of l
ocal
hum
an
heal
th e
xper
ts i
n th
e de
velo
pmen
t of
RAPs
. T
he C
omm
iss
ion
itsel
f ha
s be
en e
ncou
ragi
ng t
he d
evel
opme
nt o
f ed
ucat
ion
prog
rams
for
health professionals.
The
wor
kgr
oup
pro
pos
ed
that
the
Scie
nce
Adv
iso
ry B
oar
d d
eve
lop
a li
st of
pote
ntia
l h
uma
n
heal
th
indi
cato
rs
and
rec
omm
end
guid
elin
es
on
how
RAP
s s
hou
ld
disc
uss,
asse
ss,
stu
dy
and
mon
ito
r h
uma
n h
ealt
h in
Are
as
of C
onc
ern
. T
his
cou
ld i
niti
ally
be a
cco
mpl
ish
ed
wit
h on
e or
two
RA
P t
eam
s t
o e
nsu
re
the
pra
cti
cab
ili
ty
of t
he
tool
. B
ase
lin
e i
nfo
rma
tio
n is
nee
ded
for
pot
ent
ial
ly
imp
ort
ant
par
ame
ter
s of
hum
an
heal
th a
s s
ugg
est
ed
in T
abl
e 4.
1.
Onc
e t
hese
RAP
par
ame
ter
s
hav
e
bee
nst
udi
ed,
the
y c
an
be
mon
iao
red
to
dem
ons
tra
te
the
ben
efi
t t
o h
um
an
hea
lth
fro
m t
he
imp
lem
ent
ati
on
of R
APs
.
The
disc
ussi
on
and
stu
dy
of t
hese
par
ame
ter
s c
an
also
be
use
d t
o
edu
cat
e t
he
pub
lic
abo
ut
the
eco
sys
tem
, t
he
hea
lth
ris
ks
in
Are
as
of
Con
cer
n,
the
feas
ibil
ity
of
hea
lth
stu
die
s, a
nd
the
lin
ks b
etw
een
hu
ma
n h
eal
th a
nd
ove
ral
l e
cos
yst
em
hea
lth
.
It is recommended that:
0
the
Co
mm
is
si
on
pr
om
ot
e t
he
ass
ess
men
t o
f h
um
an
hea
lth
in
Re
me
di
al
Act
ion
Pla
ns
by
enc
our
agi
ng
Rem
edi
al
Act
ion
Pla
n g
rou
ps
to
inv
olv
e h
um
an
hea
lth
exp
ert
s i
n R
AP
s i
n
their public advisory committees
0
the
Com
mis
sio
n,
in
con
jun
cti
on
wit
h s
eve
ral
Rem
edi
al
Act
ion
Pla
ns
tea
ms,
dev
elo
p g
uid
e-
lin
es
for
sel
ect
ion
of
hu
ma
n h
eal
th
ind
ica
tor
s i
n R
eme
dia
l A
cti
on
Pla
ns,
tak
ing
int
o a
c-
cou
nt
the
fea
sib
ili
ty
of
the
ind
ica
tor
to
be
stu
die
d a
nd
its
imp
ort
anc
e,
sen
sit
ivi
ty
and
specificity
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TAB
LE
4.1
Part
ial
list
of p
ossi
ble
hum
an
heal
th i
ndic
ator
s of
eco
sys
tem
heal
th
 
HU
MA
N R
EPR
ODU
CTI
ON:
Con
tro
l fo
r mo
the
r’s
res
ide
nce
dur
ing
pre
gna
ncy
Contaminants in breast milk
Birth defects (anatomical /functional)
Toxicological studies of chord blood and/ or placental tissue
Infertility
1. Proportion low birth weight newborns 4.
and/or microcephalic newborns
2. Proportion of premature newborns
3. Sex ratio of livebom
N
9
9
1
CHILDREN: Pre-first grade physical examination
1. Asthma / respiratory infection 6. Skin problems
2.
Seri
ous
alle
rgie
s
7.
Eye
irrit
ation
, red
ness
or p
uffi
ness
3.
Heig
ht,
weig
ht a
nd n
utri
tion
al st
atus
8.
Lym
pha
den
opa
thy
4. Standardized neurological testing 9. Learning disabilities
5. Blood lead testing (venous) 10. Sexual maturation
ADULT: Hospital discharges and other indicators
1. Ischernic heart disease / cardiovascular diseases 3.
2.
Resp
irat
ory
dise
ases
4.
Cancer incidence
Neurological dysfunction
4.1.3 Workshop on Bioindicators as a Measure of Success of
Virtual Elimination of Persistent Toxic Substances
Mem
ber
s of
the
wor
kgr
oup
also
part
icip
ated
in th
e pl
anni
ng a
nd s
essi
ons
of th
is w
ork
sho
p he
ld i
n
Ann
Arbo
r, M
ichi
gan
duri
ng A
pril
1992
. A
sect
ion
of t
his w
ork
sho
p wa
s fo
cuse
d on
biom
arke
rs,
whi
ch a
re c
urre
ntly
bein
g de
velo
ped
by t
he w
ork
gro
up a
s in
dica
tors
of e
cosy
stem
heal
th i
n th
e
Grea
t La
kes
basi
n.
The
proc
eedi
ngs
of t
he W
ork
sho
p on
Bioi
ndic
ator
s is
avai
labl
e as
a re
port
to
the IJC Virtual Elimination Task Force.
The
Wor
kgr
oup
on E
cosy
stem
Heal
th w
ill
cont
inue
to d
evel
op h
olist
ic a
ppro
ache
s to
, an
d
biom
arke
rs f
or t
he h
ealt
h of
the
Grea
t La
kes
Basi
n Ec
osys
tem.
The
inte
nt is
to sh
ift t
he f
ocus
from
cata
stro
phic
endp
oint
s to
very
earl
y in
dica
tors
of h
arm,
with
the
Vie
w th
at ea
rly
reme
diat
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the
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 4.1.4 Workshop on Risk Assessment, Communication and Management
in the Great Lakes Basin
Risk assessment is a concern of several groups within the IIC community. The Commission, as a
priority for the 1991-1993 biennial, directed the Water Quality Board in concert with the Science
Advisory Board, Workgroup on Ecosystem Health and others, to review the various ways the
Parties and jurisdictions assess and manage risks, how consistent they are -- both between and
within agencies and countries —- and how the Parties communicate risk assessments to the commu-
nities. Papers given at the workshop will be published separately and a synopsis of the workshop
may be found in the Water Quality Board report to the IJC.
4.2 Future Directions for Research on Ecosystem Health
4.2.1 Measuring Ecosystem Health
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4.2.2 Weight-of—Evidence
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of pe
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4.2.3 Human Health Assessment Parameters in Remedial Action Plans
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 5. STATE-OF-THE-LAKES REPORTING:
SOCIAL AND ECONOMIC STRESSORS
The 1991 Science Advisory Board (Board or SAB) Report to the International Joint Commission
(Commission or IJC) discussed the need for a comprehensive reporting strategy for the Great
Lakes Basin Ecosystem (IJC 1991a). The SAB’s comments focused on the integrity of natural
ecosystems in context of human stress factors, an approach consistent with the Great Lakes Water
Quality Agreement (Agreement or GLWQA) definition of the Great Lakes Basin Ecosystem:
the interacting components of air, land, water, and living organisms, including humans,
within the drainage basin of the St. Lawrence River at or upstream from the point at which this
river becomes the international boundary between Canada and the United States.
Article I (g) of the GLWQA, 1978
In response to the UC priority to determine data needs to assess the state of the lakes, particularly
the UC role under Article VII of the Agreement, the Science Advisory Board established an ad hoc
workgroup to examine the options available to the IJC with respect to the surveillance and monitoring
programs described in Annex 11 and other reporting requirements specified by the GLWQA. This led
to an inquiry into the nature and scope of integrated state-of-environment (SOE) reporting, with a
particular focus on the frameworks used to link human activities with biophysical changes. A review
of the current state of international, national and regional SOE reports was commissioned in order to
assess the state of the art in this rapidly evolving ﬁeld (Karasek1992, unpublished). This study was
further analyzed and summarized in a report entitled “Past Lessons, Future Directions: An Assessment
of Great Lakes Basin Ecosystem Reporting” (Hodge 1993, unpublished). These studies provided much
of the background material for the following analysis and conclusions.
5.1 The Commission and State-of-Environment Reporting
The UC involvement in state-of-environment reporting may be traced to public concern over rising
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 0 diagnostic indicators of ecosystem health
0 relevant measures to assess the level of environmental stress
0 an integrated reporting framework, or model, monitoring the dynamic spatial and
temporal dimensions of environmental stress and response
0 a framework for interpreting data in the context of differing community values concerning
environmental quality2
There is a growing awareness among scientists, and to some extent the public, that no com-
pletely objective means exists to measure the level of ecosystem health, and/or integrity. Science is
increasingly being challenged to explore the boundaries of the traditional scientiﬁc methods in order to
explain complex behaviour. These approaches can serve not only to advance knowledge but also as
"decisionmaking tools” for the management of whole systems in the future. While the speciﬁc nature
of these new approaches is still unclear, its general characteristics can be described as:
0 Transdisciplinary, the need to transcend the traditional boundaries of the sciences, both
physical and social, to communicate specialist experience and knowledge more effectively
and to re—draw boundaries for scientific research
0 Integrative, employing general systems theory and methodologies to link the social and
physical sciences
' Predictive, applying advanced computertechnology to develop dynamic spatial/temporal
models (supported by the growing volume of real-time monitoring from both ground and
remote sensing platforms), to anticipate future states and to provide user friendly
decisionmaking and education tools.
0 Community Oriented, placing primary emphasis on social and cultural values of communi-
ties and regions as opposed to the traditional object of social observation like the household
or individual. Thus the object of inquiry becomes the community in context to its institu-
tions and cultural values.
Despite the uncertainty in the science of assessing the state of the environment, national
reports are now undertaken routinely in most of the industrial world and increasingly by develop-
ing countries. Governments everywhere are beginning to recognize that environmental protec-
tion, conservation and restoration activities are as integral a part of governance as managing the
economy or implementing programs to improve education, health and security. To date, SOE
reporting has been viewed largely as a function of national governments and international envi-
ronmental agencies, such as the United Nations Environment Program. There has been a growing
demand for regional and local reports produced by state, provincial and municipal governments,
however, as well as nongovernment organizations and industry.
 
5.3 General Conclusions from Current
State-of-the-Environment Reports
Formal government efforts in environmental reporting originate from the early 19705. The annual
report to the President of the United States produced by the Council for Environmental Quality
(CEQ
) mu
st b
e con
side
red a
pione
er.
Howe
ver,
it wa
s no
t unt
il th
e Org
aniz
atio
n for
Econ
omic
2 These values may change over timeor may differ with respect to cultural background and economic status. While values can,
to some extent, be measured by surveys, the most realistic reﬂection is through the political process. What is important to note,
however, is that SOB reporting should be sensitive to the distinct values of different communities and employ a pluralistic
approach to the evaluation of environmental change. Native peoples for example might place higher values on access to
plentiful fish and wildlife than on economic compensation to enable these people to find alternative means of livelihood. 43
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.4 Conclusions from the Great Lakes Reporting
Experience
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5.5 Recommendations
1. Given the IJC leadership role in reporting on the State of the Great Lakes Basin Ecosystem
and its responsibility for assessing progress in implementing the GLWQA, the SAB consid-
ers that the data specification in Annex 11 and other reporting requirements in the GLWQA
are insufficient to measure progress with respect to an ecosystem approach to the manage-
ment and restoration of the Great Lakes. It is recommended that:
0 the Commission evaluate the various reporting responsibilities under the Agreement
and develop a systematic approach to data organization and the reporting strategies
of the Parties in order to assess progress under the Agreement
2. Given that the IIC has a reporting function with respect to the Great Lakes Basin Ecosystem,
and that comprehensive SOE reports are underway and planned by various governments
and NGOs recommended that:
- the Commission continue to provide advice on an ecosystem approach that will
encourage the synthesis by the Parties of U.S./Canada data and information require-
ments under the Agreement
3. Given the new insights stemming from holistic science with respect to the interrelationship
of human well-being and ecosystem integrity and the shift towards policies that are consis-
tent with sustainable resource use, recommended that:
0 the Commission encourage the Parties to continue to support educational/research
programs directed towards Great Lakes communities on the implications of
sustainability within the limits of the “carrying capacity” of the basin ecosystem
47
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6. THE GREAT LAKES WATER QUALITY AGREEMENT
TO THE YEAR 2000
Success in achieving the purposes of the Great Lakes Water Quality Agreement (Agreement or
GLWQA) is increasingly related to questions that are broader than the Agreement itself. While
some of these questions do not appear to be directly relevant to the Agreement, they are nonethe-
less appropriate due to socioeconomic changes that have occurred since the Agreement was
signed.
The expansion of North American -— and indeed global -- trade and related policy discus-
sions have linked economic and environmental policy. With the increasing adoption of policies
directed toward sustainable development, the environmental carrying capacity of the North Ameri-
can continent is likely to have a significant effect on the economic future, as well as the course,
scope and success of environmental policies and programs. These and other questions do not fall
into traditional fields of science but profoundly affect environmental management in the Great
Lakes Basin Ecosystem and hence, the future science needs that underpin our stewardship of the
basin. In this concluding chapter, the Science Advisory Board (Board or SAB) poses a number of
open questions which it considers important for the International Joint Commission (Commis-
sion or IJC) and the Parties to consider and to factor into future plans and programs for the Great
Lakes.
6.1 Goals
Since 1972 when the Great Lakes Water Quality Agreement was signed, new needs, laws and
programs have increased the scope and complexity, and in some cases, fragmentation of Great
Lakes environmental and natural resource programs.
Question:
0 Will the scope and substance of the goals of the GLWQA and future multi-lateral agreements
be clear and consistent? Do they need further definition or clarification in order to work in
harmony? Are there gaps or overlaps? How do these fit with binational, national, provincial
and state environmental goals and programs?
I.
6.2 Policy and Management
Since the 1972 GLWQA, two management schemes have dominated the work of the Parties and
the IIC:
0 Strategic implementation of plans to reduce point source loadings
0 Extensive studies of other problems such as Areas of Concern, nonpoint sources, persistent
toxics and other sources with recommendations for strategies with limited implementation
Questions:
0 What management strategies are most amenable to achieving the purpose of the Agreement,
as e
xpre
ssed
in Ar
ticl
e II?
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 0 How can economic development programs, binational, regional and global duties, tariffs
and trade barriers, sanctions and industrial policies be shaped and redesigned to enhance
the process of environmental management? Should there be subsidies and tariff exemption
for environmental pollution control products and services?
0 What will be the relationship of the GLWQA to future trade agreements?
6.4 Recommendation
In reviewing the range of issues, the SAB believes it is necessary to move beyond the present
scope of the Agreement and to consider emerging trends in the areas of trade, economy, social
impact and infrastructure. It is recommended that:
0 the Commission, together with the Parties, undertake a binational review of the implica-
tions of economic policy and trade commitments relative to the goals and purpose of the
Great Lakes Water Quality Agreement to identify opportunities for implementing the
Agreement through improved environment and economy linkages
51
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BOD
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CPA
DIN
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EAC
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GLI
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LwMP
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Area(s) of Concern
Adsorbable Organo Halogens
Biochemical Oxygen Demand
Name ofa company in Port Hope
(formerly Eldorado Resources)
Cuyahoga River RAP
Coordinating Committee
Canada Centre for Inland Waters
Council on Environmental Quality
Council of Great Lakes
Research Managers
Canada-Ontario Agreement
Carbon Dioxide
Critical Programs Act
Chromium
Combined Sewer Overﬂows
Copper
Data and Information Needs Workgroup
Dichlorodiphenyltricholoroethane
Educators Advisory Council
Environmental Nongovernment
Organization(s)
Geographic Information System
Great Lakes Initiative
Great Lakes Toxics
Reduction Initiative
Great Lakes Water Quality Agreement
Great Lakes Water Quality Initiative
Great Lakes Toxics Reduction Initiative
Hexachlorobenzene
Hexachlorobutadiene
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International Air Quality Advisory Board
International Joint Commission
k-e Toxics (Model)
Lindane
Lakewide Management Plans
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NAFTA
NATO
ng/L
NGO
NOAA
NPDES
OCS
OECD
OEPA
OMNR
OMOE
PAH
PCB
PLUARG
PPb
ppm
QCB
RAP
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US. EPA
UNEP
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WHO
WQB
North American Free Trade Agreement
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National Oceanic and
Atmospheric Administration
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Ohio Environmental Protection Agency
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Ontario Ministry of the Environment
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Polychlorinated biphenyl
Pollution from Land Use
Reference Group
parts per billion
parts per million
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Science Advisory Board
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Simulation Program
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United States Environmental
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United Nations Environment Program
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Acknowledgements: 83rd to 9lst meetings
83rd MEETING (Concurrent with 1991 Biennial Meeting)
September 28 - October 2, 1991, Traverse City, Michigan
Public presentation of the 1991 Science Advisory Board Report to the Commission,
September 29.
Second Joint Meeting of the Science Advisory Board and the Council of Great Lakes
Research Managers, September 28.
Meeting of the Board, September 29, and discussion of the SAB role relative to the
Commission priorities over the Biennial Cycle 1991—1993.
84th MEETING
November 19 to 21, 1991, Canada Centre for Inland Waters, Burlington, Ontario
This meeting was attended by Commissioners Cleveland, Durnil, Fulton and Welch,
who participated in a mini workshop on the future role of the Science Advisory Board.
The workshop was facilitated by Dr. Isobel Heathcote and provided the basis for the
reorganization of the Board.
Presentations were received from Ken Hall, Anne Redick and Gil Simmons represent-
ing the Bay Area Restoration Council and Implementation Team, Keith Rodgers from
Hamilton Harbour RAP Committee and David McLeary of the Halton Region RAP
Committee outlining their organizational structure and progress to date in the Hamilton
Harbour Area of Concern.
85th MEETING
February 25 and 26, 1992, Sheraton Cleveland City Centre Hotel, Cleveland, Ohio
The mission, role statement and reorganization of the Board developed from the 84th
meeting was discussed and approved. A new organizational structure, comprising three
workgroups was developed to replace the Board’s standing committees: a Workgroup on
Ecosystem Health, a Workgroup on Parties Implementation, and a Workgroup on Emerg-
ing Issues.
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